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PREFACE. 



The period covered bj the present "Year-Book of Facts" 
will ever be memorable in the annals of Science. The 
extraordinary inventions of the Microphone and Phonograph, 
following that of the Telephone, recorded in onr volnme of 
last year ; the Liquefaction of the " Permanent " Gases, and 
the practical application of the Electric Light, would suffice 
of themselves to make any year famous. 

These Facts, "with a host of others of great interest and 
importance, are fully recorded in the following pag^es. The 
plan of this Year-Book is the same as that of its predecessors. 
The last volume ended with the 15th of October, 1877. This 
one begins "with that date, and is brought down to the 15th of 
October, 1878. The work, we are certain, will be found not 
to have in any way fallen off in value, and we now place 
it, with a lively feeling of gratitude for so long continued 
support, in the hands of the public. 



Warwick House, Salisbury Square., 
2ith Dece^nher, 1878. 
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I.— THE HUMAN RACE. 



Notes on the Tribes of Midian. 
-A paper, entitled " Notes on the 



Tribes of Midian," was read at 
the Dablin Meeting of the British 
Association by Captain B. F. 
Barton. The country, he said, 
once belonged to the Moabites, 
Ammonites, and Amalekites of 
Scripture ; but the tribes now in- 
habiting it were comparatively 
modem. They were a mixed 
race. The tribes were given to 
exaggerating their numbers^ with 
the view of extorting the more 
blackmail from pilgrims. The 
whole land of Arabia was sup- 
posed to belong to some one tribe 
or another of Bedouins, so that 
if all the members of a tribe, save 
one boy, should be destroyed, he 
would be deemed entitled to the 
land of his forefathers. The his- 
tory of these tribes was a history 
of plundering and quarrelling wit^ 
each other, ^though it would not 
be true to say that they were 
habitual thieves and murderers. 
The custom prevailed of pressing 
the heads of children after birth. 
On the seventh day after a birth 
there was a feast if the child was 
a boy ; but girls did not count. 
The practice of tattooing existed 
among them. He believed it to 
be a practice used by nations 
who had not much dothing for 



the purpose of hardening the 
skin. 

The paper described the manner 
in which young girls were given 
in marriage, and stated tibat ^rls 
had been known to commit suicide 
rather than marry men whom they 
disliked. Some of the higher 
classes were decidedly handsome. 
Longevity was rare amoi^g them, 
iq. consequence of incessant fa- 
tigue,indinerent nourishment, and 
want of cleanliness. Their cha? 
racteristics were strong social 
affections, eternal suspiciousness, 
extreme pugnacity, and propor- 
tionate revengefulness. Their so- 
ciability was extreme, and they 
made great sacrifices for one 
another. Tl^e sn^all-pox had re? 
placed the plague among them, 
and when a man was attacked he 
was shut up in a solitary hut, and 
food and water were pushed in to 
him with a stick. But in many 
cases the female relations and 
friends joined in the quarantine. 

Murder, as among p4l the primi- 
tive races, was a private and not 
a public wrong ; the price of a 
man's blood was about £160. 
The races in question were mar- 
vellously ready to quarrel, without 
the excuse of being in their cups, 
for they had notmng to drink; 
but they triod. \a ^no\^ Y^^&s^ 
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each other lest they shonld have 
to pay blood monejr. They were 
excessively ceremonious. If they 
hated Christians, it was more 
on theoretical than any other 
grounds. Nature put it out of 
their power to obey the Koran. 
They did not fast, they said, be- 
cause they were half-starved all 
the year round. Englishmen could 
manage them, but the Ottomans 
never could, for the Bedouins 
hated the Turks and Egyptians, 
and were, in turn, despised by 
them. Those who lived on the 
coast fished for pearl and black 
coral. They eat the flesh of the 
shark ; but he had tried it boiled, 
roasted, and stewed, and found it 
anything but good. As to their 
cooking, all he could say about it 
was that they never washed any- 
thing. They were unalphabetical, 
and, consequently, had no litera- 
ture. They improvised verses, 
and the circumstance of his having 
a for coat made him the subject 
of the following stanza : — 

*' O Sheik, wearer of the costly ftur, 
Whither thoa leadeet qb, thither we wiU 
go." 

Composite Portraits.— A paper 

" On Composite Portraits, made 
by combinmg those of various 
Persons into a single Resultant 
Figure," was read on the 30th 
April, 1878, before the Anthro- 
pological Institute, by Mr. Francis 
GaJton. The author remarked 
that when images of many diffe- 
rent persons are successively 
thrown for a short time on the 
same portion of a sensitive pho- 
tographic plate, the composite 
figure that results is found to 
have an unexpectedly good defi- 
nition. No person who saw one 
of these composites for the first 



time would doubt its being the 
likeness of a real person, whereas 
it is no such thing ; it represents 
the average of many. Of course 
the component images must all 
be in the same attitude and of 
the same size, but exactitude in 
other respects is unnecessary. 
The important requisite is that 
the images should be carefully 
superimposed, and this is a very 
easy matter to effect. 

The author begins by collecting 
photographs of persons of the 
same general type of features, 
and taken in the same attitudes. 
These are reduced photographi- 
cally to the same size, then they 
are severally adjusted under fixed 
cross wires, until one wire cuts 
the pupils of the eyes and the 
other bisects the interval between 
them. Then a hinged arm, carry- 
ing two points, is pressed down 
and pricks two register marks. 
When all the portraits have been 
thus prepared they are hung one 
in front of the other on two pins 
sticking out of a screen in front 
of the camera, and passingthrough 
their register holes. They are 
photographed successively oy re- 
moving one after the other to the 
last. Suppose there are ten com- 
ponent portraits, and that it would ' 
reqtdre 100 seconds exposure to" 
get a satisfactory image of anyi. 
one of them, then each of the ten] 
portraits is exposed ten seconds ( 
only. The composite retains what V 
is common to all the components, 
while individual pecuHarities have 
in it no perceptible trace; the 
result is a xmndsome and regular 
face. Many specimens were ex- 
hibited. Even two faces will 
often make a fair combination, 
but the larger the number the 
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better, if they all have the same 
general cast of Stares. 

The Qses of th« process are to 
procure anthropological type», 
to compare the average likeness 
of a family of brothers and sisters 
with that of their near ancestry — 
viz., two parents, four grandpa- 
rents, and the nncles and aunts on 
both sides ; and to obtain a good 
likeness of the same person by 
averaging many portraits. The 
anthor eniibited methods of opti- 
cally combining portraits. A 
stereoscope will do this in a 
way, but ihe best instrument for 
the purpose is a *' double image 
prism " of Iceland spar. 

OnLeft-Handedness.— A paper 

^ On Left-Handedness " was read 
before the British Association at 
their Dublin meeting, by Dr. H. 
MuirheacL He had been drawn 
to pay some attention to left- 
handedness in reference to its 
hereditariness in families. The 
human £Eunily were in general 
right-handed. No instance had 
been brought forward of a left- 
handed tribe or race. The oldest 
pictorial illustrations that they 
knew of did not differ in this re- 
spect from the story of to-day. 
Why was man right-handed P It 
had been said that man was best 
able to balance himself on his 
right leg and foot, and if that 
were so he would naturally be 
better able to use his right arm in 
aSence or defence. If this were 
80 it would account for the lef(> 
hand side of the brain becoming 
more influentiaL There were> of 
course, some exceptions to the 
Tole of right-handedness. A 
theory had been put forward to 
the effect that the choice of hands 
depends upon the relatively pre- 



ponderating weight of the upper or 
lower part of the body, but he 
thought it depended on which 
half of the brain took the lead. 
Left-handedness once begun in a 
family was likely to run in it. It 
was very common in the tribe of 
Benjamin. It was a curious fact 
that left-handed people had the 
left foot one-eighth to one-third 
of an inch longer than the right. 
An Expiring Race.—'' A Note 
on an Expiring Bace on the 
Bhutan Frontier of Hindustan," 
by Mr. S. Dnmont Beaghton, was 
read at the Dublin meeting of the 
British Association. The author 
gave a vivid description of the 
hills on the frontier, on one of the 
highest peaks of which was sup- 
posed to rest a temple not made 
with hands, and a tank of Sa- 
cred Water, which, the natives 
said, could not be removed with- 
out death. He made attempts to 
get up on the rock, and on one 
occasion nearly lost his life by 
stepping over a precipice. The 
people who were the subject of 
the paper, the Fotos, lived in the 
village called the Orange-grove» 
near the top of the hills. There 
were only about 20 females, and 
within two or three generations 
(as they only married among their 
scanty limits), it may be confi- 
dently predicted that the race will 
disappear. Their language was 
so difficult that none of the other 
tribes could prononnce a word of 
it. They had traditions which 
pointed to a retrogression from 
a higher scale of nations, and 
their belief was that, from the 
time they became coweaters, they 
became degraded. They belonged 
originally to the abori^u^e^ ^^Vssi 
UvmL in \i)iQ Q(aii^^<^ ^^^q^Xat 
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fore the Aryan dispersion. Thej 
were gloomy and fatalistic as a 
rule; very win; their noses very 
flat, and their lips projecting so 
as almost to suggest a Negritic 
origin. Thfsy wore red jackets 
ne^ the skin, with nnder sleeves. 
The^ showed little of the Aryan 
fastidiousness in matters of food. 
Every youth was permitted to 
marry as soon as he had a home 
and means, and they alone aipong 
the frontier tribes treated mar- 
riage as a sacrament. The bride- 
groom had to give presents to his 
mother-in-law, and feast the whole 
village on roast pig. Ko celebra- 
tion was allowed when a child ate 
rice for the first time. Ko little 
interest attached to them if they 
were a remnant of the people who 
occupied bengal before its subju- 
gation .by Aryan civilization. 

The Native Baoes of North 

America. — An interesting paper 
was read at the Dublin meeting 
of the British Association by Pro- 
fessor Daniel Wilson, F.R.S.E., 
of the Toronto University, con- 
taining illustrations of the evolu- 
tion of new varieties of men. In 
the mingling of different races in 
America, so complex and varied, 
all subjected to the influences of 
climate and social habits, and all 
mingling in blood in a greater or 
less degree with the native red 
races, hybridity had resulted on a 
great scale. The process had al- 
ready been developed sufficiently 
long to afford important indica- 
tions of the evoluuons of perma- 
nent hybrid varieties. A specimen 
is to be seen among the tribes of 
the half-breeds in Manitoba, as it 
were, in the process of evolution ; 
while sheltered within the remote 
Arcidc legiojiB man can be studied 



among the Esqnimanx in condi- 
tions dosely analogous to those 
which are ascribed to a post- 
pliocene, if not to a pre-fflaoial 
period. In the abrupt collision 
of the civilized races of Euroi>e 
with the American aborigines it 
had always been taken for granted 
that the latter were doomed to 
inevitable extinction, and that the 
land would be peopled with the 
purely civilized races of the world. 
There is no question, however, 
that from an early date there have 
been intermarriages between Eu- 
ropeans and the American races. 
A growing feeling is manifesting 
itself in uie Umted States and 
Canada that the Indian popula- 
tion is not doomed to extinction, 
and that a much larger amount 
of healthy intermanring, and 
consequent absorption,has existed 
than unobserving critics had any 
conception of, and that the native 
Indian element is a factor in the 
population of the New World 
destined to exercise an enduring 
inflaence on the ethnical character 
of the Euro- American races. 

The Size of the Brain.— At the 
Anthropological Congress in Paris 
of 1878, Dr. Lebon gave the re- 
sults of his experimental re- 
searches on the variations of 
volume of the cranium in relation 
to intelligence. According to ob- 
servations made on numerous 
series of crania, it is proved that 
intelligence is in proportion to 
the volume of the cranium, the 
best endowed races, and among 
races the most intelligent indi- 
viduals, having the most volumin- 
ous cranium. By comparing these 
series of crania it is also found 
that the superior races present a 
much greater number of volumin. 
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ous crania tlian the others. The 
same phenomenon is presented in 
proportion tothedegree of civiliza- 
tion ; the Parisian crania of the 
12th century present, for example, 
a less volume than the Crania of 
modem Parisians; at the same 
time the difference among indi- 
viduals becomes more consider- 
able. Dr. Lebon does not believe 
that height exercises any con- 
siderable influence on the volume 
of the cranium and the vr^ight of 
the brain. Nevertheless, with 
equal height, the woman has a 
brain less heavy than the man. 
The author, from a study of 17 
male and 17 female brains^ found 
between them a difference of 172 
grammes to the advantage of the 
former. It is worthy of remark 
that among the superior races the 
cranium of the woman is gene- 
rally much less than among the 
inferior races. This is due, Dr. 
Lebon says, to the insignificant 
part taken by woman in the 
work of modem society. The 
comparative study of the curves 
of tiie circumference of the cra- 
nium, of that of the head, of 
the volume and weight of the 
brain, shows the relations existing 
between these various values, and 
renders possible the construction 
of tables which, one of them being 
known, permit the immediate 
determination of the others of the 
series. It is seen, for example, 
that a head, the circumference of 
whicb is 67 centimetres, corre- 
sponds to a cranium the circum- 
ference of which is 52 centimetres, 
and the volume 1,550 cubic centi- 
metres. The probable weight of 
the brain contained in the cranium 
would be 1,350 grammes. There 
is a constont mequality of de- 



velopment between the two halves 
of the brain, which is sometimes 
more developed on the right, 
sometimes dn the Ibft, without 
race or state of intelligence ap- 
pearing to have any manifest 
influence on the directioii of this 
inequality of development. The 
circumference of the Cranium, on 
which depends the volume of the 
brain, has a close connexion with 
the degree of intelligence. With 
the measurements of the circum- 
ference of the headi taken from 
more than 1^200 living subjects. 
Dr. Lebon has constructed a 
series of cUrves which show that 
from the point of view of their 
development the heads of modem 
Parisians and of the inhabitants 
of the country are classed in the 
following order : — 1. Savants and 
learned men; 2, The Parisian 
howrgeoisiej 3. The Old Nobility ; 

4, Parisian Domestic Servants; 

5. Ptosants. Dr. Broca, in re- 
marking on Dr. Lebon's paper, 
said thatiE among the less civilised 
races the difference between the 
volume of the crania of men and 
women is relatively small, while 
it is great among civilized races, 
this does not prove the intellectual 
inferiority of women, but is ex- 
plained^bythenecessityfor savage 
wom^n taking part in the struggle 
for existence under the same con- 
ditions as the men. 

The Natives of Tasmania.— 

A scientific work on the Tas- 
manian aborigines was published in 
the early part of 1878 by MM. de 
QuatrefagesandHamy. This race, 
which, in 1642, when Tasman dis- 
covered the island, is supposed to 
have numbered about 7,000, is 
now known to be extinct. The pro- 
gress towards ex^ims^X^ii tca»^ \a 
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dated from about 70 years ago, 
when the first penal settlement 
was formed in tne island. The 
material the authors had to work 
upon in their researches were 
portraits, photographs, busts, 54 
skulls, ana six skeletons. The 
Tasmanians seem to have been a 
special race, and one remarkably 
homogeneous, though the lan- 
guages were often so distinct as to 
be incoQiprehensible by different 
tribes. The average ca{>acity of 
cranium is 1,420 cubic centimetres, 
which would place the Tasman- 
ians considerably above the Nu- 
bian negroes, though the latter 
are socially much superior. This 
feature — volume of brain — must 
not be too rigidly connected with 
intellectual development. M. 
£[amy further shows that the Tas- 
manian cranium had not those 
supposed signs of inferiority which 
have been too much insisted on. 
An abstract of these researches is 

fiven in Oomptea Bendtia, March 
5, 1878. 

The Flint Implements of Egypt 
uid Midian.— A paper <^0n the 
Flint Implements of Egypt and 
Midian*' was read at the Dublin 
meeting of the British Associa- 
tion by Captain E. F. Burton. 
Most people, he said, were aware 
of the dispute between naturalists 
and Egyptologists. The latter 
declared that there was no such 
thing as infancy of art in Egvpt, 
and the naturuists, as was their 
evil habit, found signs of the com- 
mencement and origin of things 
everywhere. It was a very pretty 
quarrel as it stood. While literary 
men were debating, practical men 
found stones in every direction, 
even around Cairo itself. He 
exhibited flints^ most of which 



were chipped* and which were 
found ^ in great numbers, but 
Bedouins are now making them in 
enormous quantities and selling 
them to travellers. He first 
visited El Hawaii in March, 1877, 
and then proceeded to the Pyra- 
mid, the most southern of the 
^at cemeteiy of Memphis, and 
in the Eang's Chamber were found 
two prehistoric weapons. Captain 
Burton exhibited a numb^ of 
worked stones, cowries from 
Thebes, ornamented glass, and the 
coins of Midian, which were for the 
first time brought to England. 
Near the chief town of Midian 
they came across a coin which 
showed that even in those days 
there were " smashers," and was 
an imitation tetradrachma. It 
had the owl and the flower on i1^ 
but instead of being made of 
silver it was made of copper, witib. 
a slight layer of silver outside. 

The Capacity of Crania.— A pa- 
per on this subject, already spo- 
ken of (see p. 4), was read at the 
Dublin meeting of the British As- 
sociation by Prof. W. H. Flower. 
Of all the measurements by which 
to determine the difference be- 
tween the hiiunan skulls of people 
of one race and of a foreign race, 
perhaps the most important was 
that which gave the cubic capa- 
city of the great cavity of the 
skull which contained tke brain. 
Many ways of ascertaining it had 
been tried. Some persons laid 
great stress on the weight of the 
brain, but for his part he thought 
that, on the whole, if the capacity 
of the skull could be got it would 
be more valuable. The weight of 
the brain differed very much accord- 
ing to the age or phvsical condi- 
tions of the person wnen he died. 
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and there were certain- diseases 
which went to increase the specific 
gravity. But when the actual 
capacity of skull was found they 
had the actual capacity of the 
brain at the time of health. The 
weight of the hrain could not he 
ascertained in cases where the 
races had become extinct, such as 
the Tasmanians, many of the 
Polynesians, the ancient Britons, 
and the ancient Irish, and others, 
specimens of whose skulls they 
possessed, and by which they could 
ascertain the capacity of the brain. 

He might be asked if he attri- 
buted any great and direct import- 
ance to the weight and age of the 
brain as an indication of intelli- 
gence. We\\ he thought it was 
one of the very many points that 
had to be considered in this ques- 
tion ; but he thought there were 
a great many other things to be 
remembered in this view of the 
question. For instance^ many 
people had large brains and did 
not know how to use them, and 
gome who knew how to use them 
did not try to do it. They would 
see that many of the races that 
were naturally considered the 
higher races, and had taken the 
lead in the civilisation of the 
world, had undoubtedly larger 
cranial capacities than the peoples 
who were at the bottom of the 
ladder of civilisation. Of course 
be would never accept the mere 
feust of a man's head bein^ large 
as an indicatipn of superior in- 
telligence, but it was one point to 
be considered. 

The measurement of the skull 
was not only an important but it 
was also a difficult work — more 
difficiUt, in fact, than a great many 
peop]0 suppoged. A largie number 



of measurements published were 
only of an approximate value 
owing to the numerous fallacies 
and difficulties experienced in 
arriving at a satisfactory method 
of measurement. Nothing ap- 
parently could be easier than to 
take a skull and stop the cavities, 
and pour some flmd into it, and 
then pour it out and measure it ; 
but they could not do this with 
the skull, as the bone was very 
porous, and full of minute invis- 
ible holes, through which the 
fluid soaked as it would through 
a sponge. The materials that had 
to be used in testing the capacity 
of the skull must be something 
solid. Various things, such as 
shot, grain &c., had been used. 

Beantifal Types of Woman- 
kind. — The following is a trans- 
lation of a circular issued in the 
summer of 1878, by Prof, G. de 
Mortillet, with reference to a pro- 
posed album of the most beauti- 
ful types of women: — ** Desirous 
of studying anthropology from an 
SBsthetic point of view, I am col- 
lecting in an album photographs 
of the most beautiful types of 
women of all countries and of all 
races. This collection of beauties 
is the more important, scientifi- 
cally, that the most beautiful 
persons in each race ought to 
be the most typical, if the law 
of selection is reaL My studies 
in palsBO-ethnology and prehis- 
toric anthropology have shown me 
that woman has played the 
greatest part in the progress of 
civilization and in the softening 
of manners. Man from all time 
has had strength as his share. 
Woman has ruled over and refined - 
this nearly always bt\SLta.\ ^\2t^\i<^^i^ 
by the kiea\&\Mibm^^i.^^^ qI^Oois^ 
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heart, of grace, and of beauty. It 
is impossible to pat in evidence 
all that there is of good in 
woman, but it can be shown 
to what point beauty has been 
raised, and thus what is and 
must have been from all time 
its power may be explained. The 
album I am forming, a sort of 
livre d'or of beauty, will aid 
in completing the demonstration 
based on the observation of facts. 
To render this album as complete 
and as perfect as possible, I 
appeal to all persons who can 
famish me with documents. The 
collection will be composed of 
nncoloufed photographs only, 
from carte-de-visite size to pic- 
ture size. The medium dimen- 
sions are preferable. The indica- 
tion of the name and social 
position of the persons is very 
nsefUl, if it can be given without 
indiscretion. What is indispens- 
able is to know the place of 
birth, the nationality, and the 
race. Is the race pure, or are 
the father and mother of different 
nations and races P The names 
of the donors, and also their 
addresses, when they desire it, 
shall be indicated. It is just that 
photographers should have the 
profit of their works. All com- 
munications should be addressed 
to M. G. de Mortillet, au Chateau 
de St. Germain-en-Laye (Seine- 
et-0i8e)i or at the Exhibition of 
Anthropological Sciences, Paris." 
Though Mi de Mortillet's pardon- 
able enthusiasm gave occasion for 
satirical remarks in a Paris paper, 
there can be no manner of doubt 
as to the interest and instruction 
such a collection, scientifically 
arranged by so distinguished an 
i^Dthrqpologist, will afford. 



Science amongst Hatters and 

ShoemcJcers.— A scientificinqniry 
made in the close of 1877 by Dr. 
Delannay among the hatters of 
Paris offers some curious results. 
Accepting it as true that the 
capacity of the cranium and de- 
velopment of the brain are pro- 
portional to the external volume 
of the head, also that the intel- 
ligence is proportional to the 
volume and weight of the brain, 
he shows, inter aUa, that certain 
families develop like individuals 
— that is, they have a period of 
growth, then a stationary period* 
then a period of decrease, pre- 
vious to extinction. In faimlies 
in the first period the head 
enlarges from generation to 
generation. The citizens who 
wrought the revolution of 1789 
had bigger heads than their 
fathers. On the other hand, in 
families that are nearing extinc- 
tion the head grows smaller. 
The sons of the present ruling 
families in France have such 
small heads — according to the 
author — that they require hats 
specially made for them. Among 
certain families newly risen from 
the common people the head in- 
creases from generation to genera- 
tion. The wide-brimmed hats — 
bolivars — worn by the Republi- 
cans from 1830 to 1848 were very 
capacious. The quarter in which 
are the largest heads in Paris is 
that of the schools. The hatters 
of the Faubourg St. Germain say 
they only fit fine heads. The 
Polytechnicians have larger heads 
than the St. Cyrians, and the 
students of the normal school 
larger than those of St. Sulpice, 
&c. The members of the clergy 
present a peculiar feature in 
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these statistics. "In general," 
says M. Delannaj, ''men from 
thirty to forty years of age have 
larger heads than those from 
twenty to thirty. Not so with 
ecclesiastics, for their heads cease 
to grow at abont twenty-five. 
The cnr^s, bishops^ archbishops, 
&c., have no larger heads than 
the students of the large semi- 
naries. 

After these inqniries among the 
Parisian hatters regarding the 
head. Dr. Delannay went to the 
shoemakers and studied the foot. 
He was led to think that the foot 
is longer, flatter, and less, arched 
in inrerior races. The Nubians, 
Arabs, and Japanese have the foot 
flat and long. In the English, 
among Europeans, the foot (he 
says) is long, thin, and flat; in 
the Germans, it is long, thick, 
flat, and flabby. On the other 
hand, the foot of the French is 
short, small, elegant, and arched. 
This is, no doubt, flattering to the 
French ; the objection, however, 
occurs that Spaniards and Por- 
tuguese, who are not generally 
thought more advanced than other 
European people, have a well- 
arched foot. He meets this diffi- 
culty by saying that the evolution 
of the foot may be accomplished 
when that of tne head is still in- 
complete or arrested. In Paris, 
M. Delaunay finds differences in 
the feet in diflerent quarters, and 
he states, not without satisfaction, 
that ecclesiastics are at the bottom 
of the scale, while students are at 
the top. Thus there is opposition 
between the volume of the head 
and that of the foot. The small 
heads of the Quartier Saint Sul- 
pice have the foot large, and the 
large heads of the Qu^iier Saint 



Michel have the foot fine. M. 
Delaunay explains the fisishion of 
high heels by the desire to con- 
ceal the flatness of the feet, 
which, he says, is common in the 
old ruling classes that are in 
course of degeneration. — English 
Meehcmic, 

The North American Indiajis. 

— One of the most interesting 
pa^rs read in the Anthropo- 
logical Section at the Dublin 
meeting of the British Associa- 
tion was by Professor Daniel Wil- 
son^ of Toronto, on the Canadian 
Indians (866 p. 4). Professor Wilson 
showed that the Canadian In- 
dians, instead of " melting away " 
before the civilized virtues and 
vices of the white man, have 
already been to a considerable 
extent absorbed, and the likeli- 
hood is that ultimately this ab- 
sorption will be complete. At 
present, Professor Wilson main- 
tains — and he has so mastered 
the subject that he has a right 
to speak — that the blood of the 
so-called " red man " flows in the 
veins of every class of Canadian, 
from the highest to the lowest; 
and many of those who are 
treated by the Government as 
" Indians are as white as many 
of their " pale-faced " fellow- 
countrymen. This subject of the 
fate of the American Indian has 
been also engaging the attention 
of competent men in the United 
States, and the facts and statis- 
tics which have been collected 
appear to give the death-blow to 
the commonly accepted " blight " 
and "withering" theory. 

An extremely interesting paper 
on the subject, recently published, 
by Lieutenant-Colonel Mallery, 
enters into \Xi^ c^ii%\I\Q^ ^^ *vis^^ 
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former and present number of 
the Indians in so thorough a 
manner as to give confidence in 
the conclusions come to. Colonel 
Mallery, from his position on the 
United States Survey, has had 
every opportunity of acquiring a 
knowledge of the present condi- 
tion and number oi the Indians, 
and he has taken great pains to 
become acquainted with whatever 
records exist as to their past 
numbers. Colonel Mallery shows 
that the estimates of earlier 
writers are so varied as to be 
untrustworthy. Early travellers 
had no opi)ortunity whatever of 
acquiring a knowledge of the 
Indian ]X)pulation of the North 
American Continent, but natur- 
ally would exaggerate the number 
of those with whom they came 
into contact. Naturally, also, 
the natives from a wide district 
would crowd to the shores of the 
sea, river, or lake, which were the 
first visitors' only highways, and 
thus the latter would be led to 
form an exaggerated notion of 
the extent of the whole popula- 
tion. Colonel Mallery shows that 
before and long after the advent 
of the whites, the only regions 
where the Indians could find sup- 
port were along the shores of the 
great rivers and lakes. If the 
successive waves of continental 
migration did originate on the 
Pacific Coast, it is scarcely to be 
supposed that they crossed the 
arid plains only lately explored, 
or even the more eastern prairies, 
where, with all then existing faci- 
lities, the support of life would 
have been most difficult. The 
savages relied at first mainly on 
fish, secondarily and later on the 
chase, and, only in their last 



stages of development, on agri- 
culture, which, though a greater 
resource among some tribes than 
is generally understood, became 
so after their long continued 
occupancy of regions near the 
Atlantic and great lakes. They 
could neither, before obtaining 
the horse, pursue to great advan- 
tage the large game of the open 
prairie necessary for their subsis- 
tence while passing it, nor trans- 
port stores before collected, and 
moved probably (as one route, 
others being also contended for) 
via the head waters of the Missis- 
sippi and the outlet of Lake 
Superior, resting on long lines 
and with little lateral spread, 
near rivers, lakes, and the ocean. 
The grei^ter parts of the districts 
east of the Kocky Mountains and 
some to their west, where the 
Indians are now, or in recent 
years have been found, and much 
of which was until recently 
charted as the " Great American 
Desert," was, in fact, a solitude 
when America was discovered, 
the population being then con- 
fined to the wooded borders of 
the traversing streams. Coloiiel 
Mallery adduces irrefutable evi- 
dence to prove that many Indian 
tribes now classed as Prairie 
Indians were, when first met with 
and for long after, lake and river 
Indians. Early voyagers on the 
Mississippi and Lake Michigan 
met Indians only after many 
days', and even weeks', travd. 
Vermont and Western Massa-; 
chusetts and much of New 
Hampshire were left unoccupied. 
On early maps the low country 
from the Mobile River to Florida 
was marked vacant, and the 
oldest reports from Georgia assert 
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with gratnlattion that there were 
scarcely any savages within 400 
miles of Savannah. Colonel 
MaUery addnces many other 
facts which, when grouped to- 
gether, show how msignificant 
was the territory actually occu- 
pied by the natives before the 
tiuropean immigrants could pos- 
sibly nave affected their numbers 
or distribution, and how silly 
are any estimates obviously in- 
fluenced by a calculation d the 
product of their number on some 
one square mile, multiplied by 
the figures expressing all the 
square miles embraced between 
the Atlantic and Pacific and cer- 
tain degrees of latitude. The 
mounds of the Mississippi Yalley 
certainly prove that at some time 
it held a large population; hint 
ute origin and period, connec- 
tions, and fate of these so-caUed 
*< Moundbuilders " are still siib 
judice. It is, however, conceded 
t]iat they were agricultural, had 
several arts unknown te the his- 
toric tribes, and had passed Away 
before the latter had c<Hne within 
our knowledge. The ethnologiste 
and philologists, though so widely 
disa^eeing in otiier respects, boiJfi 
a<^bnit i^at the actual distribution 
of the natives at the time of, and 
sbortly after, their discovery, was 
as represented by Colonel Mal- 
lery, and the immediate practical 
inquiry concerns the tribes then 
and soil known te us, rather than 
ancient inhabitants, whether or 
not the ancestors of these tribes. 
This distribution rendered mis- 
conception of their numbers by 
the early whites almost unavoid- 
able. The latter, using the 
2iatuTaI and only readily avail- 
able highways of ocean and| 



river, met the Indians precisely 
where they were most numerous 
and stetionary, and could not 
thoroughly explore the endless 
tracte where they only occa- 
sionally roamed, or which they 
entirely avoided ; while the enor- 
mous distences of separation 
prevented any one traveller from 
actually seeing, and thereby 
distinguishing between, but a 
limited number of tribes. Even 
if an expedition through the wil- 
derness were risked, the very pre- 
sence of the explorers, from 
obvious motives of curiosity, 
barter, or defence, would, as we 
have said, attract all the bands 
over many miles. Cunning and 
vanity, moreover, would induce 
every tribe te exaggerate its own 
importence, which there was at 
first no evidence te contradict. 
So late as 1829, Kaw-Kaw, a 
Winnebago chief, attending a 
balloon ascent in the Battery in 
New York, where there was an 
immense crowd, and being asked 
if he had ever seen so many peo- 
ple together, replied haughtily, 
"We have more in our smallest 
villages." Considering that his 
whole tribe only mustered then 
about 3,000 souls, this may pass 
as a creditable specimen of abori- 
ginal brag, which, if Government 
officials had not already become 
familiar through systematic fraud 
with the actual count of the 
Winnebagoes, would doubtless 
have been adopted as a faithful 
comparison te influence statistics, 
as has actually occurred with 
other chiefs, who, likening their 
few score warriors te " the leaves 
of the forest," have been seriously 
quoted. The early travellers re- 
ceived such tales with alacrity^to 
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enhance their own advontares, 
repeating them with the fabled 
reproductiyeness of the three 
black crows, even when they did 
not imitate Falstaff in the mnlti- 
plication of his men in buckram. 
Another potent cause of error in 
the enumeration of the Indians, 
extending even to modern times, 
and from which we are scarcely 
yet free, necessarily arose from 
the utterly confused synonyms. 
Not only had each of the tribes a 
variety of names among them- 
selves, but the various English, 
French, and Dutch immigrants 
added to these names of their 
own coining, so that one tribe 
might have* a dozen different 
names, and each name has often 
been mistakenly held to apply to 
a different tribe. 

The main explanations of the 
lately unquestioned law, dooming 
all the American Indians to 
speedy death, have been in their 
constant wars and the strange 
diseases introduced. As regards 
the latter small-x>ox has been the 
most fatal; but Colonel Mallery 
shows that its ravages have been 
no greater among the Indians 
than among other races and other 
lands which recovered from it. 
Moreover, these ravages have 
been greatly exaggeratisd often, 
as may be seen from the report 
of the Canadian Minister of the 
Interior for 1876. In 1868 it was 
stated the Indians of Vancouver's 
Island had been nearly extermi- 
nated from small-pox, and that 
"hundreds of bodies lay un- 
buried." After a full inquiry it 
was found that only 88 Indians 
had died from the disease in the 
whole district throughout the en- 
iire jear. The fact is that many 



Indians have died of small-pox, 
as did many Europeans before 
the days of Lady Mary Wortley 
Monta^ and Dr. Jenner, and 
also that those who could ran 
away from the dan^r, as more 
enlightened people do now, with 
the difference that the latter are 
brought back by the ties of real 
and personal property, which, 
not troubling the former, they 
ever after avoided a locality that 
in their theory of disease was the 
scene of demoniac wrath. It 
may be noted that this particular 
disease has ceased to be a scourge 
to the tribes, the reports of 56 
agents in recent years not includ- 
ing any fatal case. 

As to the destructive element 
of war, that was the normal con- 
dition of the Indians before the 
advent of the whites, who only 
added to the number of the com- 
batants. The whites did not 
introduce extermination and dis- 
possession, which were systema- 
tically carried out before they 
came by one or two of the most 
powerful tribes. The whites were 
never more systematic or success- 
ful in subjugation by force of 
arms than were several of the 
Indian leagues, and all we know 
of the prevailing customs of the 
continent tells us that war was 
with its natived a necessity for 
the assertion of manhood, u. not 
a religious duty. Perhaps since 
the power of the white race has 
been established with restraining 
effect, there have been fewer and 
less bloody wars than were fre- 
quent for centuries before, and 
certainly for years past no whole 
tribe, and but a minority of indi- 
viduals among very few of the 
tribes, have b^n on the war path 



\ 



\ 



THE HUMAN RACE. 



18 



against any other in the United 
States. No such conversion, then, 
from less to greater combative* 
ness is apparent as would aceount 
for any important change in the 
Indian population. If warfare 
has been a chief cause of their 
decrease, they were on the wane 
long prior to their discovery. Of 
this, however, there is no evi- 
dence. Taking the Iroquois as a 
representative body of Indians, 
Colonel Mallery shows that they 
n'ow number 13,668 souls, as 
against 11,650, 13 years before 
the Declaration of Independence, 
being an increase of 2,000. This 
is not a solitary instance ; and 
especially among the hybrids of 
Canada, New York, the Indian 
Territory, Massachusetts, and 
Wisconsin, has there been a 
steady increase during the past 
30 or 40 years. Figures are 
given to show that the Sioux 
Confederacy have quadrupled in 
140 years, and doubled, at least, 
in 29 years. Spcmarkable increase 
is shown in other tribes, not- 
withstanding war, disease, and 
whisky. It is at the same time 
admitted that in some of the 
western regions, especially Cali- 
fornia, the unusual barbarity of 
the brutal white has told seriously 
on the TTi<^in.Ti population there, 
though not to nearly so great 
an extent as vague estimates 
would make out. 

Only within the past four 
years has there been any official 
report of ihe births and deaths 
among several tribes sufficiently 
general to be of value. These 
official returns relate to over I 
100,000 Indians, belonging to| 
nearly 100 tribes, and the excess 
of births over deaths was found j 



to vary from 6-lOths to 2*32 per 
cent. Again, in former times 
oiUy the strongest survived, weak 
children not bein^ allowed to live, 
and old and diseased persons 
being often put out of the way. 
Only one of twins was allowed 
to survive, and generally the 
battle of life was only to the 
strong. Now, since the United 
States Government protect and 
subsidize the Indians, the latter 
are acute enougluto see that it is 
to their interest to have as many 
mouths to feed and bodies to 
clothe as possible, and act accord- 
ingly. 

Colonel Mallery then, from the 
data which he has collected, 
comes to the conclusion that when 
Columbus discovered America 
there were not more than 500,000 
Indians to the north of Mexico, 
and that now, in the United 
States and Alaska alone, exclud- 
ing Canada, there are something 
like 300,000. If the Canadian 
Indians and hybrids were added 
to this it would probably turn out 
that the native population had 
not at least decreased. At all 
events it seems to us that Colonel 
Mallerv has adduced strong rea- 
sons tor hesitating to accept 
the "bHght" and "withering" 
theory, for the American Indians 
at least. That it does apply to 
other races with which the Anglo- 
Saxon at least has come into 
contact, there is only too good 
reason to believe. The last of 
the Tasmanians has gone, the 
years of the Sandwich Islanders 
are numbered, many other Pacific 
islands have been almost depopu- 
lated. As to Australia, we wish 
some one would do for it what 
Colonel Mallery hsA di;^i^<^ i^^x 
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North America. We believe the 
results for South America^ if the 
native population qiiestion were 
carefully examined^ would show 
that there also the decrease has 
been greatly exaggerated. To 
make a sweeping generalization 
as to the inevitable disappearanciB 
of black before white is absurd ; 
what would be the use of Africa to 
the world if this were so P As to 
the future of the American In- 
dian, both Colonel Mallery and 
Professor Wilson speak hopefully. 
The process of breaking in the 
savage to civilized ways of life 
must be slow. It cannot be done 
per saltum. How long did it take 
the European conglomeration of 
tribes to settle down and reach 
their present state of culture? 
In Canada many so-^called Indians 
are really as settled and civilized 
as the English peasant^ perhaps, 
on the whole, more so ; and if the 
Indians in the States had as fair 
play as their Canadian brethren, 
the process would be much more 
rapid than it is. At all events, 
the theory of disappearance by 
extinction seems now a most im- 
probable one, and that by ab^ 
sorption is proved to be actually 
occurring. Indeed, the old, old 
drama which has been acted in 
Europe from the time of the 
cave-men until even now is being 
continued on the other side of 
the Atlantic ; and the result a 
century or two hence may be a 
race more mixed, perhaps, than 
any in the old world, but with 
the English type of character 
dominant, and by its very mix- 
ture better able to cope with the 
conditions which prevail on a 
continent so different in many 
rsBpecta from Eurasia. Professor 



Huxley has shown how absurd it 
is to talk of purity of race ; there 
is no such thins probably any- 
where in the world, least of all in 
Europe^ in whose population there 
are lower strains than even that 
of the Korth American Indian. 
We may state that some of the 
most eminent scientific inquirers 
in the United States share Colonel 
Mallery's opinions as to the in- 
crease of the Indians. 

Colonel Mallery disperses a few 
other delusions with regard to the 
North American Indian, most 
people's idea of whom is derived 
from Cooper's fictions. He shows 
how they got their name of " Red 
Men** — mm the fact that they 
were in the constant habit of 
colouring their faces with the 
ochre found in the soiL Their 
real colour is brown, with many 
shades. No more common notion 
exists with regard to the Indians 
than their belief in one "Great 
Spirit," under names like Mani- 
tou, Taku Wakau, &c. A better 
acquaintance with Indian tradi- 
tions, and particularly with the 
etymology of its languages, shows 
that this also is a great delusion. 
The more learned missionaries 
are now not only agreed that a 
general creator or upholder never 
existed in aboriginal cosmogony, 
but that the much simpler belief 
in a superhtLman Great Chief or 
ruler is a modem graft. How- 
ever unpleasant from a senti- 
mental point of view, Colonel 
Mallery nas done good service 
by his researches in abolishing 
beliefs which are so unfounded, 
and some of which are apt to be 
mischievous in their consequences 
— especially in these days of 
Bcientifio accuraoy. — Times, 
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TIiePopnlationoftheEarth.- 

The fifth publication of Beii 
and Wagner's " BeTolkemng di 
Erde " appeared in Jnlj, 1878, m 
fortiinB,telj a fen dajs too soc 
to contain the new arrangemect 
in the Bast. Since the ftrartb 
pablieation, the population of tho 
•arth ahowH a total inareae 
15 mOliona, partly ariaing ) 
natural growth and partly the 
oome of new and more exact 
■n^ea. The total population is 
set down at 1,439,145,300, divided 
among the continents as ibllows : 
Bnrope, 812,398,480 ; Asia, 831 
millions; Africa, 205,219,500; Aus- 
tralia and Polyuesia, 4,411,300; 
America, 86,116,000. The fbUow- 
ing table giTeB the latest resnlts 
for the <£ief conutriee in *"-- 
Torid: — 



EUBOFS. 




OibnUAr, 1^.- ... 

FortiiAl (nlLli Axoiee), 187(1 

ItalyTlSTB 

Bnropeui Taiks; (bsfore 

dirtaion) 

BcnuaAiil&. 1^73,.. 



3,440, 
' 171^000 





10D.OOO 


a=%,K::: ::: ::: 


... 8,891,744 
-.- 17,880.000 


Bamo».ia77 




AnUii* (mdepeiiduil) ... 


'■'■'■ 3jwm 


Aden, 1B73 


M 707 


Persia 


". e.ooo;ooo 



Himala^ eutes SSOOOOO 

Fnaoti Seltlamenta, IBIG ... t7l 400 

Fanitg:neM do 441817 

Ceylon, 1975 1,469,441 

LecmUTea uid U&ldlTO* ... IM.SOO 

Brltlah BumiHh, IB71 ... ... ] 747 149 

MMipBT IM.DOO 



reDoli Coflliin Ohlns, 1879 .. 



AVBTOAUA, An. 

New Sontli Wales, ISTS 

Tiotoiia, 1878 

South AnsCrallB, 1B76 



Kew ZsaJand uid Ghatbam, 
Beu of Fol^eslk 



lation of Egypt is now estimated 
at 17 inilUons, and the equatorial 
regions of Africa at 44 millions. 
Cafee-land north of the Trans- 
vaal IB estimated at a million ; 
Orange River Free State, 65,000 ; 
the Transvaal, 275.000; Natal (in 
1875), 326,959 inhabitants ; and 
Cape Colonj, 1,148,462. In Ame< 
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rica the figures are bat little 
changed from those of the pre- 
vions issae of these statistics. 
Greenland (1876) is estimated to 
have a population of 10,000 ; Ni- 
caragua (1877), 300,000 ; Brazil 
(1872), 11,108,291 ; Guiana (1876), 
342.300; Ecuador(1875)l,066,000; 
Peru (1876), three millions ; Chili 
(1875),2,333,568 ; Uruguay (1876), 
445,000 ; Paraguay (1876).293,844. 
Official Bank in China.— It is 
not generally known, we are told 
by the Gkina Mail, of Hongkong, 
that official rank is, to a certain 
extent, hereditary in China. Thus, 
when an officer of the first rank 
dies — the four grand secretaries, 
viceroys, and cmef presidents of 
the "boards" at Pekin, for in- 
stance — his sons inherit the *^ full 
fifth" rank, and are entitled to 
commence their public career as 
Langchungt or junior lord, of one 
of the boards. The sons of officers 
of the " full-second rank " — such 
as vice-presidents of the boards 
and governors — may enter public 
life as assistant-secretaries, with 
the " half -fifth *' rank, The sons 
of officers of the " half -second *' 
rank become under-assistants, 
with "full-sixth" rank, The 
sons of officers of the third rank 
obtain the honorary degree of 
bachelor of arts, carrying the 
seventh rank. The sons of de- 
ceased officers of lower grades 
inherit no rank. 

The Ongin and Superiority 
of the White Race— This is 

curiously accounted for by the 
Seminole Indians. They believe 
that when the Great Spirit made 
the earth he created three white 
men, and taking them to a lake 
bade them leap in and wash. One 
obejred immediately, and came out 



whiter than before; the second 
hesitated, and when he sprang in 
the water had become muddled, 
and he emerged copper-coloured ; 
while thie third delayed until the 
water was thick with mud, and 
gave him a black complexion. 
Then the Great Spirit gave the 
three men three packages, and in 
pity allowed the black man the 
first choice. He selected the 
heaviest, wherein he found all the 
implements of labour, prophetic of 
slavery ; the copper-rcoloured man 
chose the next weightiest, which 
contained hunting, fishing, and 
warlike apparatus ; and the white 
man was left ^th the lightest 
package, which concealed pens, 
ink, and paper — ^the emblems of 
civilisation, and the foundation of 
his superiority. 

A Paradise of Gluttons.— A 

Paradise of Gluttons is a heaven 
believed in by a Sclavonic tribe of 
Moravia, the Hanaques. In the 
regions of future bUss they pic- 
ture an immense mountain of 
crumbled gingerbread, surrounded 
at the base by a river of melted 
lard. The happy Hanaques will 
recline full-length on the shore, 
lying on their faces, with the 
chin supported on their hands, 
and into their wide-open mouths 
will fall balls of flour, which have 
been cooked by angels in the 
crater of the mountain, and 
have been rolled down the slope 
into the river, so as to obtain a 
luscious coating of gingerbread 
and lard. Meanwhile angels will 
chant the national airs, and there 
will be a perpetual downpour of 
beer and brandy, which will not 
wet the Hanaques, but will only 
fall into their mouths when they 
are thirstj. 
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The Stin^ of Bees^— An ao^ 

coTint of his investigations on the 
subject of stings has been given by 
Mr. J, D . Hyatt, President of the 
New York Microscopic Society. 
These studies have extended over 
a period of eight years, but only 
recently have some obscure points 
been made out. The general form 
of the stinginff organs of the 
honey-bee is well known to micro- 
Bcopists. It consists of a homy 
sheath, within which there are 
two stings, and these, when in 
use, are thrust out. There is a 
poison-ba^, which discharges its 
contents into the sheath. This 
is a point well known, but it ap- 
pears that the precise method by 
which the fluid makes its way 
from the sheath into the wound 
has not heretofore been properly 
explained. According to the gene- 
rally accepted exp&nation, the 
poison is supposed to flow in a 
channel formed between the two 
piercers or stings, and in this way 
makes its way into the wound. 
Mr. Hyatt advances another hypo- 
thesis, and believes he has positive 
proof he is ri^ht, having dissected 
and examined upwards of a thou- 
sand stings. On examining a 
properly prepared sting from a 
noney-bee we notice first that 
the piercers are very sharp) and 
barbed for some distance from the 
end, there being nine barbs point- 
ing upward on each one. These 
bs^bs are eracefnlly curved, and 
it can easuy be seen that when 



once they find their way into the 
flesh it would be difficult to ¥rith- 
draw them. This explains why 
the honey-bee sting remains in 
the flesh, while the stings of other 
insects, witii finer barb^ are with- 
drawn. A more careful observa- 
tion indicates that the stings are 
tubes. There appears to be a 
channel running through the 
length of each one, having branches 
which terminate in the notches 
just above the barbs. After care- 
ful stud V of these channels, many 
of which were found to contain 
air or water after mounting, and 
were thus proved to be veritable 
channels^ the question arose as to 
their use. The natural inference 
would be that they were ducts for 
the poisou) but there could be found 
no possible connection between 
the poison-gland and these chan- 
nels, for, as already stated, the 
poison flows into the sheath. 
After long and patient investiga- 
tion, the explanation oflered is as 
follows : — At the back part of the 
sting these channels open into the 
sheath, and just in front of that 
opening, atteched to the stings, 
is a sort of valve which projects 
into the sheath. When, in the 
operation of stinging, the piercers 
are thrust out, they carry forward 
this valve, so as to close the front 
of the sheath, for which purpose 
they are admirably adapted, and 
the poison thus confined within 
the sheath makes its way out 
through these openings in the 
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Btings. When once nnderstood, 
the operation seems very simple. 
There are also some objections to 
the common explanation. Cross 
sections of the stings show that 
the walls are quite thin, but 
strengthened in certain places by 
internal deposits. The form of 
the stings is such that no channels 
can be formed between them to 
conduct the poison. — Scientific 
American, 

Animal Life in the Far North. 

— An exhaustive paper " On the 
Greographical Distribution and 
Migrations of Animals on the 
I^orthern Shores and Lands of 
the Hudson's Bay Company, &c.," 
was read by Dr. J. Rae at the 
Dublin Meeting of the British 
Association. He said his inten- 
tion in preparing the paper was 
to supplement, in some degree, 
the admirable writings and de- 
scriptions of his late distinguished 
friend. Sir J. Richardson, because 
he had had opportunities of visit- 
ing places which that excellent 
zoologist could not reach. One 
of the first things that struck a 
stranger was the regularity of the 
dates of arrival of migrating birds 
in the spring at certain localities 
in America. The further they 
went west, the wild fowl made 
their appearance earlier in the 
same latitude. At Fort Con- 
fidence, although further north 
than Eepulse Bay, the ^eese ar- 
rived sixteen days earlier. In- 
dians, both at Moose and on the 
Mackenzie river, some thousands 
of miles apart, told him that a 
small finch, which always made 
its appearance about the same 
time, took a passage northwards 
on liie backs of the geese. He 
had never ocular proof of this^ 



yet he conld find no good reason 
for Indians making such a state- 
ment if it were false. The prin- 
cipal geese which visited Moose 
in the spring were of three kinds 
— ^the snow, the Edwards or bine- 
winged, and the Canada goose. 
In describing their habits, he 
said the geese returned from their 
breeding-places early in Septem- 
ber, and spent about six weeks 
feeding in the marshes. It was 
evident that the snow and Ed- 
wards goose made a very lon^ 
flight (without resting) to winter 
quarters when they left Hudson's 
Bay, becanne for some days before 
starting they appeared to eat 
nothing, and spent nearly all their 
time on the water. Their stomachs 
and intestines were perfectly 
empty, in this respect resembling 
salmon before commencing the 
arduous work of ascending a rapid 
river to spawn. The Canada goosey 
which rested on its southward 
flight, did not make any such 
preparation. 

The Buzzing of Insecta.— The 

old naturalists thought generally 
that the buzzing of insects was 
produced by the vibrations of 
the wing, but they had scarcely 
attempted to analyze this pheno- 
menon, and their opinion was 
abandoned when fieaumnr showed 
that when the wings are cut a 
blow-fly continues to buzz. Other 
explanations of the phenomenon 
have been advanced by various 
naturalists, but none of them 
are satisfactory. M. Jousset de 
Bellesme has been making some 
investisiations on the subject, 
and, after proving that previous ^ 
theories are unsatisfactory, heyy 
describes the results of his ow?, ^' 
researches. To avoid confusioiA 
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it Blionld be distinctly understood 
^what is meant by bozzing. In 
the scientific acceptation it means 
to imitate the sound of the humble- 
bee^ which is the type of buzzing 
insects. But the humble-bee gives 
out two rerj difSsrent sounds, 
which are an octave of each other 
— a grave sound when it flies and 
a sharp sound when it alights. 
We say, then, that buzzing is the 
&culty of insects to produce two 
sounds at an octave. This de- 
finition limits the phenomenon to 
the hymenoptera and the diptera. 
The coleoptera often produce in 
flying a grave and dull sound, 
but they are powerless to emit 
the sharp sound, and consequently 
do not buzz. There are two or 
three ascertained facts which will 
serve- as guides in the interpreta- 
tion of the phenomenon. First, 
it is indisputable that the grave 
sound always accompanies the 
great vibrations of the wings, 
which serve for the translation 
of the insect. It is easily seen 
tha^ this sound commences as 
soon as the wings begin to move, 
asD.d that if the wings be cut off it 
disappears entirely. The sharp 
sound is never, on the contrazy, 
produced during flight; it is only 
observed apart irom the great 
vibrations of the wings when the 
insect alights, or when it is held 
00 as to hinder its movement, and 
in that case the win^ is seen to be 
animated by a rapid trembling. 
It is sdso produced when the wings 
are entirely taken away. From 
tibese two remarks we may draw 
the conclusion that the grave 
sound belong properly to the 
wings, that it is caused by their 
aoTements of great amplitude. 
fbiwe is here no difficulty. As to 



the sharp sound, it is certainly not 
producea by the wings, since it 
survives the absence of these. 
Yet the wings participate in it 
and undergo aparticular trembling 
during the production of this 
sound. To discover the cause it 
is necessary to go back to the 
mechanism of the movement of 
the wing* It is known that 
among nearly all insects the 
muscles which serve for flight are 
not inserted in the wing itself, but 
in the parts of the thorax which 
support it, and that it is the 
movement of these which acts on 
the wing and makes it vibrate. 
The form of the thorax changes 
with each movement of the wmg 
under the influence of the con- 
traction of the thoracic muscles. 
The muscular masses intended for 
flight being very powerful, this 
vibratory movement of the thorax 
is very intense, as may be proved 
by holding one of these insects 
between the fingers. But as the 
vibrations are repeated two or 
three hundred times per second, 
they give rise to a musical sound, 
which is the sharp note, In fact> 
the air which surrounds the thorax 
is set in vibration by that directly, 
and without the wing taking part 
in it. There are then two simul- 
taneous sounds, one produced by 
the vibration of the wings and 
the other by the thoracic vibration, 
the latter twice as rapid as the for- 
mer, and therefore an octave. This 
is why in flight only a single grave 
sound is heard. When the thorax 
moves alone a sharp sound is pro- 
duced. This, M. de Bellesme be- 
lieves, is the only explanation that 
can be g^ven of the mode of pro- 
duction of the two sounds which 
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Chinese Fish in French Fish- 
ponds* — One of the best fishes 
of the Celestial Empire appears 
now to have been snccessfolly 
acclimatised in France. It has 
been called variously Hypo- 
phthalmychthys Dahryi and H. 
Molitrix, and is a ojprinoid, 
which the Chinese have classed 
among their domestic fishes, the 
extensive cultivation of which is 
one of the most valuable sources 
of public alimentation in the 
empire. It is reared in ponds by 
means of aquatic herbs (such as 
France happily possesses)^ and in 
a short time it acquires consider- 
able dimensions. Its weight some- 
times reaches 401b., the flesh is 
firm and savoury^ recalling at 
once the taste of turbot and of 
trout ; further, it has few bones. 
The first attempts which M. de 
Thiersans made to introduce this 
species into France were in 1876, 
when he sent from Canton, for 
the Soci^t^ d'Acclimatation, 9,000 
fry, of which nine only arrived at 
Marseilles. Thev were confided 
to a delegate of the society, who 
constructed a pond for their re- 
ception. During these four years 
the young fish have grown large^ 
and appear to be flourishing. The 
society has given orders for a 
number of others to be sent» so 
that it is hoped the new impor- 
tation will become a common 
ornament of ponds, and a delicacy 
of the table. 

Physic for Grasshoppers^— 

Poisonous qualities are popularly 
attributed to the castor^oil bean, 
the fruit of jRdcinu$ commwms. 
According to the statements of a 
California newspaper, this pro- 
perty extends to the leaves, suffi- 
ciently to make them of use in 



destroying insects. By distribut- 
ing the leaves where grasshoppers 
were numerous, great numbers of 
the insects were soon killed. The 
effect of the poison upon the 
grasshopper is said to be ap- 
parent very shortly after it eats 
a portion of a leaf. The insect 
seems bewildered, vainly attempts 
to jump or fly, and finally, tumb- 
ling over, dies. 

A Song from a Monse-— 

The (question as to whether mice 
occasionally sing has been revived 
in France. M. Brierre described 
before the Society of Acclima- 
tisation his experience in La 
Vendue in 1851-63. He had 
bought an old cupboard which 
happened to contain mice. About 
sunset the mice began to sing. 
Bj lubricating the doors and 
hmges of uie cupboard, M. 
Brierre was enabled to open it 
in one instance without disturb- 
ing the song. He literally caught 
the songster in the act. It was 
an old mouse, which held its nose 
in the air Uke a do? when howUng. 
Its song was like that of a 
wren. M. Brierre seized the 
mouse in his hand, but after- 
wards allowed it to escape. On 
subsequent evenings the sinking 
was renewed. There were no birds 
in the house. The utterance of a 
less musical sound has latterly 
been discovered as part of the 
capacity of the scorpion, on the 
authority of Mr. J. Wood Mason, 
and described before the London 
Entomological Society. The ex- 
periments were made at Bombay, 
bv teasing two large scorpions 
placed face to face on a table. 
The soxmd is stridulous, some- 
what Hke that from scraping a stiff 
brush with the finger-nails. Aiji 
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anatomical examination showed 
that the insect is i)royided with an 
apparatus consisting of a scraper 
and a rasp; these appendages 
conld be made to give sound when 
separated from the scorpions after 
death. 

A Herring'B Appetite.— The 
principal food of herrings canght 
m the Grerman Ocean and the 
Baltic consists, according to M. 
Mobins, of some kinds of yerj 
email crustaceans of the order of 
Copepoda. In February, 1872, a 
^eat many herrings were caueht 
m Kiel Bay. Nearly all that 
M^ Mobins opened had their 
stomachs full of copepoda^ be- 
longing almost exclusively to one 
species {Temora langicomis). In 
the full stomach of one large 
herring the number of these crus- 
taceans present was, after careful 
counting, found to be 60,895. 
Another herring contained 19,170. 
For three weeks continuously 
there were taken dailj in Eael 
Bay about 240,000 herrings. Sup- 
posing that each of these devoured 
eveiy day only 10,000 copepoda 
(which is putting the number 
very low), this would give, for 
one day, a consumption of 2,400 
millions, and in three weeks 
43,000 millions. The upper sur- 
face of the water swarmed with 
these minute animals, so that 
with fine-meshed nets they could 
easily be caught in thousands. 
These facts show that the 
German coasts, though they are 
poor in species, have enormous 
quantities of individual animals. 

The Habits of the Field Vole. 
—Sir Walter Elliott, at the Dub- 
lin meeting of the British Asso- 
ciation, made some interesting ob- 
servations on the annual increase 



of the common vole (Arvicola 
agrestis) of late years. In the 
spring of 1876 they a{>peared in 
such numbers in the mil pasture 
farms of the Border districts be- 
tween England and Scotland, and 
parts of Yorkshire and Wensley- 
dale, as to destroy the grazing 
ground on which the sheep de- 
pended in spring} causing serious 
loss to the farmers by impoverish- 
ment and death of stock. The 
shepherds destroyed as many as 
they could, without sensibly di- 
minishing their numbers, although 
assisted by birds and beasts of 
prey — ^hawks, buzzards, owls, 
weazles, foxes, d;c. At the same 
time that the vole was doing 
such mischief, another species 
(Arvicola arvalis), not known in 
England, made its appe{u*ance in 
Hungary, and attacked the com 
fields, which it had done to a less 
degree in two or three previous 
years, and this year they attacked 
the wheat fields of Moldavia. 
Many instances are recorded of 
^reat damage done by them, both 
in England and Scotland, by de- 
stroying plantations, of which Mr. 
Jesse described a notable instance 
in New Forest and Dean Forest 
some time ago. These examples 
prove that they do not confine 
their attacks to pastures and 
woods, and it is possible that they 
might under favourable circum- 
stcmces betake themselves to our 
corn fields. It is therefore worth 
consideration whether our game 
preservers should not be more for- 
bearing towards hawks, owls, and 
weazels, which are nearly exter- 
minated in many places, although 
they live almost entirely on these 
and other Eina\i Wb QJ^Vx^tsi^^ 
creatuxea. 
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TbepSonroes of Animal Fat.— 

The Bonrces of fat in the bodj of 
the higher animals has long oeen 
diacuBsed, and a paper contain- 
ing the results of a number of 
experiments by Messrs. Lawes 
and Gilbert, well known for 
their investigations on the feed- 
ing of animals, appeared in the 
dose of 1877 in the Journal 
of Anatomy, Before the applica- 
laon of accurate chemical research 
to questions of this nature, it 
was generally held that those ani- 
mals that rapidlj acquired fat, 
such as the hiBrbiyora generally, 
and some kinds of birds, derived 
the fat that they accumulate in 
their bodies from the fat contained 
in their food. It was thought 
that vegetables only possessed the 
power of forming tat, and that 
animals only stored up those por- 
tions of fat which they did not 
consume in respiration. This 
doctrine was first called in ques- 
tion by Liebig, who maintained 
that a goose fed on maize accumu- 
lated after a short time much 
more fat on its body than was 
primarily contained in the grains 
of the Indian com it had swal- 
lowed, and he attributed much of 
the fat of the body to the carbo- 
hydrates of the food. 

The experiments of MM. Dumas 
and Payen,who contested Liebi^'s 
statements, showed that maize 
contained much more oleaginous 
substance than was admitted by 
Liebig, and that in point of fact 
it contained sufGicient to account 
for the deposit of fat in the ani- 
mal. Liebig, with great acumen, 
replied that although it was true 
that maize contained more fat 
than he had given credit for, yet 
J^ opponents had omitt^ to 



notice that a large pinportioii of 
thefateontaisiedin liiefood wasdir 
charged in the exorements. Similar 
obaerTations with sdmilar disere- 
panoiefl of opmion were made om 
cattle. At this innctaTe MM. 
Milne Edwards and Dumas drew 
attention to and repeated the ex- 
periments of Huber, showing that 
bees are capable of forming wax — 
that is to say, a kind of oleaginona 
substance — even when fed on pure 
sugar. This result was soon con- 
firmed and ffeneralised by the ex- 
periments m M. Boussingault on 
pigs, and of Parson on geese. ^ 

From this time the original 
theory of the immediate passage 
of fats already formed by veget- 
ables into the animal, and its de- 
position in a more or less fluid 
form, was almost entirely dis- 
carded, and the production of fat 
in and by the animal body was 
very widely admitted. The general 
impression in England wae suffi- 
ciently evidenced by the adoption 
of Mr. Banting's system of pre- 
venting or reducing large deposits 
of fat^namely, by reducing the 
amount of carbo-nydrates taken 
as food. At a meeting of the Con- 
gress of Agricultural Chemists, 
held in Munich in 1865, Prof. 
Yoit came forward as the advocate 
of a new view. From the results 
of experiments with dogs made in 
Pattenkofer's respiration appar- 
atus^ he maintained that fat must 
have been produced from the 
transformation of the nitrogenous 
or albuminous constituents of the 
food, and further, that these were 
probably the chief, if not the only 
source of the fat, even of herbi- 
vora. 

The more recent experiments of 
Weiske and Wildt, though some- 
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what nnsatisfactoTy firom the 
small number of animals erperi- 
mented on, as well as for other 
reasons, tended, on the whole, to 
snpport Yoit's statements. The 
great interest of this subject* 
and the importance of obtaining 
correct views npon it^ being per- 
ceived by Messrs. Lawes and 
Gilbert, uiey undertook a care^ 
fnl review and recalculation 
of many of the results of their 
feeding experiments* including 
those with oxen, with sheep, and 
with pigs. The results of that 
inquiry aire, briefljr^ that* so for as 
the ruminant animals are con- 
cerned, owing to the comparatively 
small amount of increase obtained 
in them from a given amount 
of constituents consumed, the 
quantity of nitroeenous substance 
passed through t£e system for the 
production of a given amount of 
increase was in most, if not in all, 
cases so large as, in the absence of 
proof to the contrary, to admit of 
the assumption that the whole of 
the fat formed had its source in 
transformed nitrogenous matter. 
At any rate, they satisfied them- 
selves that no absolute proof of 
the derivation of fat from the 
carbo-hydrates could be obtained 
from data of this kind in relation 
to such animals. So far, there- 
fore, their experiments can be 
interpreted in a sense favourable 
to Yoit's views. In the case of 
the pig, however, the results were 
very different. In many of the 
experiments made on these ani- 
mals much more fat was produced 
than could possibly have been de- 
rived from the albumen of the food, 
and hence thecarbo-hydratesmust 
have contributed directly to its 
formaUon. It would seem probable 



that the same conclusion holds 
ffood in the Case of man. The 
fattening that may take place on a 
starchy oiet, and that which is well 
known to occur in negroes during 
the sugar season, when they habit- 
ually consume a large amount of 
sugar, are unequivoc^ proofs that 
man, like the bee, can manufac- 
ture fat fh)m the carbo-hydrates ; 
but it would seem to be equidlj 
probable that he can form it from 
ihe albuminous compounds when 
the ferinaceous . ana saccharine 
elements happen to be deficient in 
his ordinavy diet, whilst a com- 
bination of both is certainly best 
adapted for the supply and main- 
tenance of that moaerate amount 
which should be present in every 
healthy person. — Lancet 

The Extinction of the Mam- 
moth in Siberia.— A paper upon 
this subject was read at tneDubtin 
Meeting of the British Associa- 
tion by Mr. H. H. Howarth, F. S. A. 
Mr. Howarth's principal object 
was to deal with the difficulties 
that surround the explanation as 
to the mode in which the animal 
became extinct. He said the 
theories hitherto propounded as 
to the extinction of the mammoth 
in Siberia were, that it lived in 
the central parts of Central Asia, 
and that the carcases were floated 
down the large rivers in that ter- 
ritory to the sites where the re- 
mains were now found. This 
theory may now, however, be said 
to be extmct. The examination 
of the stomach showed that the 
mammoth lived on larch or birch 
trees growing at the ver^e of 
woods, near which the remains of 
the animals were found, and their 
position showed that they had 
not waiL&eic^ Iwt "^\«el*^'s^ ^www^ 



/ 



24 



THE YEAR-BOOK OF FACTS. 



entombed. After looking at the 
problem from every side, he had 
come to the conclasion that there 
had been a sadden and violent 
change of climate in Siberia^which 
had frozen the previously soft 
ground, and had also preserved 
the mammoths as in a huge meat 
safe. Although the mammoth 
had even originally lived in the 
place where be was now found, it 
was impossible that he could live 
there now, owing to the absence 
in that part of the food which 
would be necessary to sustain 
him. Such trees as he used to 
live on were only now found about 
500 mUes from the spot where his 
remains were discovered. The 
natural corollary that followed 
from this theory was that some^ 
thing similar must be postulated 
with regard to other regions. The 
conditions in which the elephant 
was found in Siberia were pre- 
cisely similar to those iu which it 
was found in the north-western 
part of Bussian- Am erica, and 
precisely the same as those in the 
Great Lakes, where the mammoth 
itself was found, and it could not, 
therefore, be doubted that the 
mammoth lived in Europe and 
America with the same food and 
surroundings as it did in Siberia. 
Professor Leith Adams gave it 
as his opinion that the extinction 
of the mammoth, like the extinc- 
tion of many other animals, was 
not easily accounted for ; but the 
interpolation of a cold period 
might very probably have been 
the cause. From the thickness 
of the coat of the mammoth it 
could have survived a climate 
such as Canada, but he could well 
imagine that in a climate like 
that of northern JSibena, it could 



not survive. It was rather cu- 
rious, however, that the whole of 
them should have been swept 
away, and that they should not 
be drifted further south, where 
the climate was more congenial. 
He instanced the case of the Irish 
elk, 200 skulls of which were 
foand in the Wicklow mountains 
in a moss a quarter of a mile 
long and about 200 yards broad, 
and which animals must have 
been subject to frequent accidents, 
such as sudden inundations. Some 
such fate might have befallen the 
mammoths. 

The Development of Flounders. 

—At a meeting of the American 
Academy of Sciences, in the close 
of 1877, Prof. Alexander Agassiz 
gave the following interesting 
account of the growth of the 
flounder. The flounder in early 
youth has one eye on each side 
of the head, like other bonv fishes. 
After three or four months, both 
eyes are found on one side. Steens- 
bruck concluded, from his own 
observations, that one of the eyes 
passed through the head to the 
other side. Professor Agassiz has 
made the subject a profound 
study, and concludes that, in gene- 
ral, the eye — so to speak — slides 
round, instead of going through. 
The eye that is to change place 
begins by moving upward till it 
is nearer the dividing line and 
towards the snout. Then it is 
gradually moved, by the pull of the 
muscles surrounding it, around 
the skull and over the frontal bone, 
till its destination is reached. 
But in certain species, such as 
that observed by Steensbruck^ 
the passage is made over the 
frontal bone, but under the dorsal 
fin. In these cases the dorsa 
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fin extends to the snont; the 
passage is made nnder the base 
of the fin. At the time of the 
movement of the eye, the bones 
are soft and cartilaginons, the 
muscles strong, and the torsion is 
great. It takes place within about 
fonr months after hatching. 

The manner has been shown, 
bnt not the cause. The notion 
has been that this fish has its 
eyes both on one side because its 
facilities for securing food are 
thereby increased. But why 
should not this process have, by 
natural selection, resulted in a 
fish that, when hatched, has both 
eyes on the same side ? We do 
not find this peculiarity in fossil 
flounders, and no flounders have 
yet been found later than the 
Tertiary formation. It is not 
true that all flounders are desti- 
tute of swimming bladders. There 
are other fishes as flat as a floun- 
der, but with eyes on both sides 
of the frontal bone. The sides of 
the flounder in the young are 
identical as to colour. The colour 
is due to the pigment cells, of 
which there are three kinds, red, 
black, and yellow. By contrac- 
tion of these cells the different 
colours are produced. Now, if a 
flounder is left in a vessel with a 
grey ground, it becomes grey ; if 
on a black ground, black ; if on 
a red ^ound, red. This power of 
changing colour is, however, lost 
on the side where the eye is ab- 
sent. The inference is that the 
nervous system, being aflected by 
a change of colour through the 
eye, originates the change in co- 
lour of the fish, by means of 
appropriate contraction of the 
pigment cellp. But when light 
was continuously admitted to the 



under side of the vessel holding 
the young fish before its eye had 
gone to the other side, the pro- 
cess of development and removal 
of the eye to the other side went 
on just as before. There was a 
great deal yet to be learned be- 
fore this series of facts could be 
explained. 

A lively discussion ensued, and 
in reply to an inquiry from Prof. 
Marsh, Prof. Agassiz replied that 
the optic nerve of the fish was 
long and sinuous, so that it 
could be stretched sufficiently to 
enable the eye to travel to its 
new position. "This," said Pro- 
fessor Agassiz, "was certainly 
a wise provision of Nature, for 
otherwise the eye could not have 
been shifted." During the dis- 
cussion it was mentioned that 
other animals — notably, cuttle- 
fishes — which have the power to 
change colour in accordance with 
their surrounding, sometimes 
make a mistake in so doing, and 
fail to reach the right colour. 
There seems to be no little room 
for doubt as to the popular theory 
of these accommodations of co- 
lour. 

Animal Intelligence.— The fol- 
lowing is an abstract of a lecture 
delivered by Mr. Eomanes at 
Dublin during the meeting of 
the British Association : — Animal 
intelligence is a subject which has 
always been of considerable in- 
terest to philosophical minds, but, 
as most of you are probably aware, 
the interest attaching to this sub- 
ject has of late years been greatly 
increased by the significance which 
it has acquired in relation to the 
theory of descent. As human 
intelligence is the only order of 
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directly acquaintecl, and it is 
moreorer the highest order of 
intelligence known to science, we 
may most conveniently adopt it 
as onr standard of comparison. 
When I allow my eyes to travel 
over this vast assembly, my mind 
receives, through their instru- 
mentality, a countless number of 
impressions. So far as these 
impressions enter into the general 
stream of my consciousness, they 
constitute what are called per- 
ceptions. Suppose now that I 
were to close my eyes, and to fix 
my attention on the memory of 
some particular perception which 
I had just experienced — say the 
memory of some particular face. 
This mental image of a perception 
would be what is called an idea. 
Lastly, suppose that I were to 
analyse a number of the faces 
which I had perceived, I should 
find that, although no two of 
them are exactly alike, they all 
bear a certain general resemblance 
to one another. Thus, from the 
multitude of faces which I now 
perceive, it becomes possible for 
my mind to abstract all the 
essential qualities of a face as a 
face ; and such a mental ab- 
straction of qualities would then 
constitute what I might call my 
abstract idea of a face in general, 
as distinguished from my concrete 
idea, or memory, of any face in 
particular. 

Thus, then, we have three 
stages : — 1st, that of immediate 
perception ; 2nd, that of ideal 
representation of particular ob- 
jects ; 3rd, that of a generalised 
conception, or abstract idea, of a 
number of qualities which a whole 
class of objects agree in possess 



the latter division into two sub- 
divisions — viz., abstract ideas 
which are siifficiently simple to 
be developed without the aid of 
lan^age, and abstract ideas 
which are so ocmiplex as not to 
admit of development without 
the aid of language. As an 
instance of the former class of 
abstract ideas we may take the 
idea of food. This is aroused 
in our minds by the feeling of 
hunger ; and wmle the idea whea 
thus aroused is clearly <^uite in- 
dependent of language, it is no 
less clearly what is caUed an 
abstract idea. For it is by no 
means necessary that the idea 
of food which is present to the 
mind should be the idea of some 
special kind of food ; on the con- 
trary, the idea is usually that of 
food in general} and this idea it is 
which usually prompts us to seek 
for any kind of food in particular. 
Simple abstract ideas, therefore, 
ma^ be formed without the 
assistance of language ; and for 
this reason they are comprised 
within what Lewes has called the 
logic of feelings. But abstract 
ideas of a more elaborate type 
can only be formed by the help of 
words, and are therefore comprised 
within what Lewes has called the 
logic of signs. 

Now) with regard to ideas 
themselves^ I need only add that 
they are the psychological units 
which compose the whole structure 
intellectual. They constitute, as 
it were, the raw material of 
thought^ which may be elaborated 
by the reflective faculty into 
various products of thought. 
Once formed they present an 
essential property of occurring 



in concatenated series ; so thaS 
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the oocitrrenee of one idea deter- 
inineB that of another with which 
it has been previonaly joined. 
This pxinciple of the asflodation 
ct ideas, manifested as it is by 
the ultimate nntts of intelleotoal 
49trQctaie, is by fax the most im- 
|)ortant principle in {>sychology; 
it is the principle wmch renders 
possible ali thefacnlties of mind — 
memory, instinct, judgment, rea- 
son, emotion, conscience, and 
ToMtion. Mr. Bomanes then 
proceeded to give an elaborate 
analysis of the psychcdogical 
basis of mind, and in taking 
leave of that part of his subject 
lie pointed ont that 114 recog- 
nizing the indisputable &bot of 
mind having such a basis we 
are not necessarily committing 
otETselves to the doctrine of 
materialism. That psychical phe- 
nomena are very intimately 
associated with the physical 
phenomena is a fact which does 
not admit of one moment's dis- 
pute; but concerning the nature 
of tlus association science must 
declare, not merely that it is at 
present unknown, but that, so far 
as she is at present able to dis- 
oem« it must for ever remain un- 
knowable. 

Passing on now to our review 
of comparative psychology, the 
first animals in which, solar as I 
can ascertain, we may be quite 
sure that reflex action is accom- 
panied by ideation, are the in- 
sects. For Mr. Darwin has ob- 
Berved that bees remember the 
position of flowers which they have 
only several times visited, even 
though the flowers be concealed 
by intervening houses, &c. Sir 
John Lubbock also has shown 
that, after a very few individual 



experiences, bees are able to 
establish a definite association 
between particular colours on 
paper and food ; and further that, 
after a very few lessons, a bee 
may be taught to find its way out 
of a fflass jar. These observations 
wouM seem to prove that the 
grade of intelligence is higher in 
some articulata than it is among 
the lower vertebrata. For many 
of you will probably remember 
the experiment of Professor 
Mobius, which proved that a pike 
requires three months to establish 
an association of ideas between 
particular kinds of prey, and the 
fact of their being protected by 
an invisible wall. This fact was 
proved bjr the pike repeatedly 
dashing its nose against a glass 
partition in its tank in fruitless 
efforts to catch minnows which 
were confined on the other side of 
the partition. At the end of 
three months, however, the requi- 
site association was established, 
and the pike, having learned that 
its efibrts were of no use, ceased 
to oontrnue them. The sheet of 
glass was then removed ; but the 
now firmly established associa- 
tion of ideas never seems to have 
become disestablished, for the 
pike never afterwards attacked 
the minnows, though it fed vora- 
ciously on all other kinds of fish ; 
from which we see that a pike is 
very slow in forming his ideas, 
and no less slow in again unf orm- 
ing them. 

As regards the association of 
ideas by the higher vertebrated 
animals, it is only necessary to 
say that in all these animals, as 
in ourselves, this principle of 
association is the rondamental 
principle oi ^jl^'^Yt ^-s^^OoL^V^sg^ % 
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that in the more inteUigent ani- 
mals associations are quickly 
formed, and when once lormed 
are very persistent ; and, in gene- 
ral, that so far as animal ideation 
^oes, the laws to which it is sub- 
ject are identical with those lyider 
which our own ideation is per- 
formed. Let us then ask, how 
far does animal ideation goP 
The answer is most simple, 
although it is usually given in 
a most erroneous form. It is 
usually said that animals do 
not possess the faculty of ab- 
straction, and therefore that the 
distinction between animal in- 
telligence and human intelligence 
consists in this —that animals are 
not able to form abstract ideas. 
But this statement is most 
erroneous. You will remember 
the distinction which I laid down 
between abstract ideas that may 
be developed by simple feelings, 
such as hunger, and abstract 
ideas that can only be developed 
by the aid of language. Well, 
remembering this distinction, we 
shall find that the only difference 
between animal intelligence and 
human intelligence consists in 
this— that animal intelligence is 
unable to elaborate that class of 
abstract ideas the formation of 
which depends on the faculty of 
speech. In other words, animals 
are quite as able to form abstract 
ideas as we are, if under abstract 
ideas we include general ideas of 
qualities which are so far simple 
as not to require to be fixed in 
our thoughts by names. For in- 
stance, if I see a fox prowling 
about a farmyard, I cannot doubt 
that he has been led by hunger 
to visit a place where he Has 
a general idea, that a number 



of good things are to be fallen in 
with, just as I myself am led by 
a similar impulse to visit a 
restaurant. And, to take only 
one other instance, there can l)e 
no question that animals have a 
generalised conception of cause 
and effect. For example, I had 
a setter dog which was greatly 
afraid of thunder. One day a 
number of apples were being 
shot upon the wooden fioor of an 
apple-room, and as each bag of 
apples was shot it produced 
through the rest of the house a 
noise resembling that of distant 
thunder. My dog became terror- 
strickeji at the sound; but as 
soon as I brought him to the 
apple-room and showed him the 
true cause of the noise, he be- 
came again buoyant and cheerful 
as usual. Another dog which I 
had, used to play at tossing dry 
bones to give them the a{)pear- 
ance of liie. As an experiment 
I one day attached a fine thread 
to a dry bone before giving him 
the latter to play with ; and after 
he had tossed the bone about for 
a while as usual, I stood a long 
way off and slowly began to draw 
it away from him. So soon as he 
perceived that the bone was really 
moving on its own account his 
whole demeanour changed, and, 
rushmg under the sofa, he waited 
horror-stricken to watch the un- 
canny spectacle of a dry bone 
coming to life. I have also greatly 
frightened this dog by mowing 
soap bubbles along the floor ; 
one of these he summoned 
courage enough to touch with 
his paw, but as soon as it 
vanisned he ran out of the room 
terrified at so mysterious a disap- 
pearance. Lastly, I have put 
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this do^ into a paroxysm of fear 
by taking him into a room alone 
and silently making a series of 
horrible grimaces. Although I 
had never in my life hurt this 
dog, he became greatly frightened 
at my unusual behaviour, which 
so seriously conflicted with his 
general idea of uniformity in 
matters psychological. 

Of course in thus claiming for 
animals the power of forming 
general conceptions, I mean only 
such general conceptions as can 
be arrived at by the logic of feel- 
ings. So far, then, as the logic 
of feelings can cany them, I 
maintain that the mtellectual 
operations of animals are indis- 
tinguishable from those of our- 
selves. My friend Dr. Eae, the 
well-known traveller and natu-> 
ralist, knew a dog in Orkney 
which used to accompany his 
master to church on alternate 
Sundays. To do so he had to 
swim a channel about a mile 
wide; and before taking to the 
water he used to run about a 
mile to the north when the tide 
was flowing, and a nearly equal 
distance to the south when the 
tide was ebbing, "almost in- 
variablv calculating his distance 
so well that he landed at the 
nearest point to the church." In 
liis letter to me Dr. Eae con- 
tinues: — "How the dog managed 
to calculate the strength of the 
spring and neap tides at their 
various rates of speed, and always 
to swim at the proper angle, is 
most surprising." So much, then, 
forjudgment. 

For some good instances of 
reasoning in animals I am also 
indebted to Dr. Eae. Desiring to 
obtain some Axctio foxes, he set 



various kinds of traps ; but, as 
the foxes knew these traps from 
previous experience, he was un- 
successful. Accordingly he set a 
kind of trap with which the foxes 
in that pait of the country were 
not acquainted. This consisted 
of a loaded gun set upon a stand 
pointing at the bait. A string 
connected the trigger of the gun 
with the bait, so that when the 
fox seized the bait he discharged 
the gnn, and thus committed 
suicide. In this arrangement the 
gun was separated from the bait 
by a distance of about 30 yards, 
and the string which connected 
the trigger with the bait was 
concealed throughout nearly its 
whole distance in the snow. The 
gun-trap thus set was successful 
m killing one fox, but never in 
killing a second; for the foxes 
afterwards adopted either of two 
devices whereby to secure the bait 
without injuring themselves. One 
of these devices was to bite through 
the string at its exposed part near 
the trigger, and the other device 
was to burrow up to the bait 
through the snow at right angles 
to the line of fire, so that, 
although in this way they dis- 
charged the gun, they escaped 
with perhaps only a pellet or two 
in the nose. Now, both of these 
devices exhibited a wonderful 
degree of what I think must 
fairly be called power of reason- 
ing. I have carefully interro- 
gated Dr. Eae on all the circum- 
stances of the case, and he tells 
me that in that part of the world 
traps are never set with strings ; 
so that there can have been no 
special association in the foxes' 
minds between strings and traps. 
Moreover, after the death of fox 
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nnmber one, the track on the 
snow showed that fox nnmber 
two, notwithstanding the tempta^ 
tion offered by the bait, had ex- 
pended a great deal of scientific 
observation on the gnn before he 
undertook to sever the cord. 
Lastly, with regard to burrowing 
at right angles to the line of fire, 
Dr. Eae justly deemed this so 
extraordinary a circumstance 
that he repeated the experi- 
ment a number of times in order 
to satiHfy himself that the direc- 
tion of the burrowing was really 
to be attributed to thought and 
not to chance. 

Passing on to the emotional life 
of animals, we find that this is 
very slightly, if at all, developed 
in the lower orders, but remark- 
ably well developed in the higher 
— ^tnat is to say, the emotions are 
vivid and easily excited, although 
they are shallow and evanescent. 
They thus differ from those of 
most civilized men in being more 
readily aroused and more im- 
petuous while they last, though 
leaving behind them but little 
trace of their occurrence. 

As regards the particular emo- 
tions which occur among the 
higher animals, I can affirm from 
my own observations that all the 
following give unmistakable to- 
kens of their presence: — Fear, 
affection, passionateness, pug- 
nacity, jealousy, sympathy, pride, 
reverence, emulation, shame, hate, 
curiosity, revenge, cruelty, emo- 
tion of the ludicrous, and emotion 
of the beautiful. Now, this list 
includes nearly all the human 
emotions, except those which 
refer to religion, and to the per- 
ception of the sublime. These, 
€x£ oonrae, are necessarily absent 



in imimals, because they depend 
upon ideas of too abstract » 
nature to be reached by the mind 
when aided by the logic of signs. 
Of course the moral sense as it 
occurs in ourselves involves ideas 
of high abstraction, so that in 
animals we can only expect to 
meet with a moral sense i^ veiy 
rudimentary form; and, therefore, 
even if it is true that no indica- 
tions of such a sense are to be met 
with in animals, the fact would 
not establish any difference in 
kind between animal intelligence 
and human. 

But I am inclined to believe 
that in highly intelligent, highly 
sympathetic, and tolerably well- 
treated animals, the germ of a 
moral sense becomes apparent. 
To give an instance, a Skye 
terrier I had was only once in his 
life known to steal ; and on this 
occasion, when very hungry, he 
took a cutlet from a table and 
carried it under a sofa. I saw 
him perform this act of larceny, 
but pretended not to have done 
so, and for a number of minutes 
he remained under the sofa with 
his feelings of hunger struggling 
against lus feelings of duty. At 
last tbe latter triumphed, for he 
brought the stolen cutiet and laid 
it at my feet. Immediately after 
doing so, he again ran under the 
sofa, and from this retreat no 
coaxing could draw him. YHien 
I patted his head he turned away 
his face in a ludicrously con- 
science-stricken manner. 

St. Greorge Mivart has said 
that an interesting book might be* 
written on the stupidity of ani- 
mals. I am inclined to think 
that a still more interesting book 
might be written on the stupidity 
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of savages. Now there is no doubt 
that the interval which separates 
the most degraded savage from 
the most intelligent animal is, 
psychologically considered, enor- 
mous ; but enormous as it is, I 
cannot see any evidence to show 
that the gulf may not have been 
bridged over during the count- 
less ages of the past. Abstract 
ideas amongst savages are mostly 
confined to such as may be formed 
by the logic of the feelings. In 
comparing the intelligence of a 
young child with that of an adult 
animal we are met with this 
difficulty — ^that as the bodily 
powers of children at so imma- 
ture an age are so insufficiently 
developed, the mind is not able, 
as in the case of animals, to ac- 
cumulate the experiences of life. 
In order, therefore, to obtain a 
fair parallel, we shoxdd require 
a human being whose mental 
powers have become arrested in 
their development at an early age, 
while the bodily powers have con- 
tinued to develop to mature age, 
so serving to supply the aborted 
human intelligence with full ex- 
perience of life. 

Now, the nearest approach that 
we have to these conditions is to 
be found in the case of idiots. As 
there are all degrees of idiocy, 
the object of my inquiry was to 
determine the order in which the 
various mental faculties become 
enfeebled and disap|>ear as we de- 
scend from the higher to the 
lower grades of imbedlity. Be- 
ginning from below, the first 
dawn of intelligence in the as- 
cending scale of idiots, as in the 
ascending scale of animals, is in- 
variably to be found in the power 
of assodating simple concrete 



ideas. Thus there are very few 
idiots so destitute of intelligence 
that the appearance of food does 
not arouse in their minds the 
idea of eating ; and, as we ascend 
in the scale idiotic, we find the 
principle of association progres- 
sively extending its influence, so 
that the mind is able, not only 
to establish a greater and neater 
number of special associations, 
but also to retain these associa- 
tions with an ever - increasing 
power of memory. Again, the 
faculty of reason is dwarfed to 
the utmost — so much so that the 
investigator is most of all aston- 
ished at the poverty of rational 
power which may be displayed by 
a human mind that in most other 
respects seems well developed. A 
boy, 14 years of age, belonging to 
the highest class of undoubted 
idiots, could scarcely be called 
feeble-minded as regarded many 
of his faculties. His powers of 
mental calculation were quite 
equal to those of any average boy 
01 his age. Yet he was not able 
to answer any question that in- 
volved the simplest act of reason. 
From the mental condition of 
uneducated deaf mutes we learn 
the important lesson that in the 
absence of language the mind 
of a man is almost on a level with 
the mind of a brute in respect of 
its power of forming abstract 
ideas. I have, therefore, no hesi- 
tation in giving it as my opinion 
that the faculty of speecn is alone 
the ultimate source of that enor- 
monB diflerence which now obtains 
between the mind of man and the 
mind of the lower animals. Is 
this source of difference adequate 
to distinguish the m\nA of man 
from the mind of the lower 
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animals in ItindP I leave yoti 
all to answer this question for 
yonrselves. I am satisfied with 
my work if I have made it clear 
to yon that the question whether 
hnman intelligence differs from 
animal intelligence in kind or in 
degree hinges entirely on the 
question whether the faculty of 
speech has been of an origin 
natural or supernatural. 

We are living in a generation 
which has witnessed a revolution 
of thought unparalleled in the 
history of our race. I do not 
merely allude to the fact that 
this is a generation in which all 
the sciences, without exception, 
have made a leap of progress 
such as widely to surpass all 
previous eras of intellectual 
activity; but I allude to the 
fact that in the special science 
of biology it has been reserved 
for us to see both the first 
rational enunciation, the first 
practical demonstration, and first 
universal acceptance of the doc- 
trine of evolution. And I allude 
to this fact as to a fact of 
unparalleled importance in the 
history of thought, not only 
because I know how completely 
it has transformed the study of 
life from a mere grouping of dis- 
connected observations to a ra- 
tional tracing of fundamental 
principles, but also because it fe 
now plainly to be foreseen that 
what the philosophy of evolution 
has already accomplished is but 
an earnest of what it is designed 
to achieve; and, forasmuch as 
this enormous change in our 
means of knowledge and our 
modes of thought has been so 
largely due to the almost unaided 
labours of a single man, I do not 



hesitate to say^ ev6n before so 
critical an audience as this, that 
in all the history of science there is 
no single name worthy of a venera- 
tion more profound than the now 
immortal name of Charles Darwin. 

Zoological Distribation and 

its Difficulties.— Mr. Philip L. 
Sclater, M.A., Ph.D.» F.R.S., the 
Secretary of the Zoological So- 
ciety, gave a discourse at the 
Boyal Institution, on the 15th 
of February, 1878. After point** 
ing out that " locality " is quite 
as much a part of the characters 
of natural groups of animals as 
form and structure, he explained 
and illustrated ''specific" and 
"^neric'* areas, and the doc- 
trine of their continuity. He 
then treated of "representative 
species/' and showed that, while 
insular representative species are 
usually distinctt continental re-^ 
presentative species are not un- 
irequently found connected to- 
gether by intermediate forms. 
The only hypothesis, he said, 
that will explain these and other 
phenomena of "distribution" is 
that of the derivative ori^ of 
species. But the question is, are 
there no exceptional cases of dis- 
tribution, which throw difficulties 
in the way of the universal 
adoption of this hy}X)thesis P It 
must, said the speaker, be ad- 
mitted by all who have studied 
the distribution of species, in any 
group of animals, that there are 
many such difficult cases. The 
conclusion arrived at was that it 
is still a subject of discussion 
whether it is invariably safe to 
predicate that identity of struc- 
ture in two species necessarily 
indicates immediate descent irom 
a common parentage. 
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The Breath of Leaves.— The 

chemical composition and the 
functions of leaves of plants has 
been engaging the attention of 
M. Corenwinder for some years 
past. He describes his researches 
in a recent number o£ the Annales 
de Chvmie et de Physique, His 
results are against the common 
theory that plants have two resr 
pirations, one by day, the other 
by night, and that these are in 
opposite directions. Briefly, his 
views are these : Leaves, in regard 
to air, have two distinct mnc- 
tions. By their protoplasm they 
constantly respire — Le,, absorb 
oxygen and produce carbonic 
acid. By their chlorophyll, on 
the other hand, they " inspire " 
by day only carbomc acid, and 
** expire " oxygen. In early age 
protoplasm predominates in the 
cells, and there is httle chloro- 
phyll ; thus during this period 
the respiratory function prevails 
over the chlorophylUan fanction, 
8o that the leaves exhale carbonic 
acid ^thout interruption. As 
the leaves grow larger the protor 
plasm diminishes, and the chloror 
phyll increases, so that they 
rapidly lose the power of emitr 
ting carbonic acid by day, and 
ere long they emit oijly oxygen. 
It is, then, only by placing them 
in the dark, or at least softening 
the brightness of the Ughit — i.e., 
suspending more or less the action 
of chloropnyll— that the effect of 
respiration can be showiL There 



is thus only one true respiration 
— ^the role of the chlorophyll is of 
a different order ; it is an act of 
assimilation. 

The Influence of Trees on 

Moisture. — Observations have 
been made in !|i^rench forests by 
M. Fautrat, to determine the in- 
fluence of trees on the distribu- 
tion of rain and moisture. He 
finds that forests receive more 
rain than open plains, and pines 
more than leafy trees. Pines 
retain more than half of the 
water that is precipitated upon 
them, while leafy trees allow 58 
per cent, to reach the ground. 
Pines, therefore, furnish the best 
shield against sudden inunda- 
tions, and the best means for 
giving freshness and humidity to 
a dry climate. 

Mushroom Culture in Japan. 
— The best of the edible species of 
mushrooms are known as *' matsu- 
tak^" and "sh^-tak^.'/ The 
shu-tak^ species have this pecu- 
liar excellence, that though they 
are all but tasteless in their raw 
state, when they are diied they 
have an extremely fine flavour. 
The quantity that grows natur- 
ally on the decayed roots or on 
the stumps of the shu tree is not 
sufficient to meet the demand felt 
for them, consequently much skill 
has been brought to bear on their 
cultivation, notably by cutting 
off the trunks of the shu and 
other trees, and forcing the 
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them. Different varieties of oak 
appear to be the trees most in 
favour with the Japanese for the 
cultivation of mushrooms, the 
trees known to natives as shu 
giving the best results^ Mnsh^ 
rooms are obtained in the follow- 
ing manner: — About the begin- 
ning of autumn the trunks about 
5 in. or 6 in. in diameter, of any of 
these trees is selected and cut up 
into lengths of 4 ft. or 5 ft. ; each 
piece is then split down length- 
wise into four, and on the outer 
bark slight incisions are either 
made at once with a hatchet, or 
the cut logs are left till the 
following spring, and then deep 
wounds 7 in. or 8 in. long are 
incised on them. Assuming the 
first course to have been pursued, 
the logs, after having received 
several slight incisions, are placed 
in a wood or grove where they 
can get the full benefit of the 
air and heat. In about three 
years they will be tolerably rotten 
in parts. After the more rotten 
parts are removed they are placed 
against a rack in a slanting posi- 
tion, and about the middle of the 
ensuing sjpring the mushrooms 
will come forth in abundance. 

A New Mode of Cultivating 
Potatoes. — A new mode of culti- 
vation of the potato,recommended 
by M. Calloignej consists in plac- 
ing on soil deeply dug or tilled, 
htilves of ordinary sized potatoes 
at intervals of about 60 sq. ctm., 
or, better^ entire potatoes at 
intervals of 75 sq. ctmi, and in 
regular lines* The potato (which 
is not placed in a furrow) is 
covered with a light layer of 
earth, by means of a hoe or the 
like. In such good conditions of 
reatUation it is not long in 



penetrating the layer of mould, 
and after a few days it is re- 
peatedly earthed up to accelerate 
the growth. This method of 
planting is said to give very 
much better results than the 
common method of planting in 
furrows, and the potato ac€[uires 
its maturity before disease is de- 
clared. The potato, coming origi- 
nally from Peru, a country much 
hotter than ours, requires (says 
M. Galloigne) air and heat for its 
development under good condi- 
tion, and the earth which sur- 
rounds it can only be regarded as 
a support, a medium round which 
as much air and heat should be 
made to circulate as possible. To 
put it in a cold trench, compact 
and moist, is to hinder its growth 
and reduce its production con- 
siderably, also to subject it 
voluntarily to the most trouble- 
some influences of disease. — Eng- 
lish Mechanic, 

The Ripening of Grapes.— The 

question has recently been inves- 
tigated by M. Pollacci, whether 
grapes separated from the plant 
undergo an after-ripening for some 
time, as is the case with apples 
and pears. Several kinds of un- 
ripe grapes were cut off with 
scissors) and three portions formed 
of each kind. One portion was 
then taken, and its <]^uantity of 
sugar and acid determmed imme- 
diately. Of the two other por- 
tions, one was placed in shade, 
the other in sunshinOj and after 
ten or twelve days the same data 
were procured. It appeared that 
there was, indeed, a small increase 
of sugar and decrease of acid, and 
the differences were greater in the 
case of the grapes exposed in sun- 
light than with those kept in shade. 
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The '^ne Disease.— Mr, T. S. 

Leacock, of Madeira, recom- 
mends the following treatment 
for the pretention of phylloxera : 
— In the antmnn and winter I 
cause the xmderground stem and 
principal roots of the vines which 
are to be treated to be laid bare 
of earth as far as can be con- 
yeniently and safely done, re- 
moving or causing to be bnmt 
or plnnged into boiling water the 
loose bark, which is generally 
teeming with insects. I then 
apply with a brush a coating of 
torpentine, in which sufficient 
resin has been dissolved to render 
it decidedly sticky. The propor- 
tion is about 3^z. of fine pow- 
dered resin to a quart bottle 
of turpentine. Solution to be 
assisted by heat. I take this op- 
portunity to manure the vines, so 
that one removal of the earth 
shall suffice for both operations. 
The roots when tolerably drj are 
covered with earth. The mixture 
kills all it comes in contact with, 
and in whatever other way it may 
act, continues to present, in con- 
sequence of its being xmaffected 
by water, an impassable barrier to 
the passage of the insect to the 
upper world. Several thousand 
vines have been treated by me in 
this way in the course of the last 
two or Uiree years, and althotigh at 
the time of treatment they were 
teaming with phylloxera, they 
have thrown out strong shoots, 
produced good crops, and have 
preserved the dark green colour 
of their foliage through the past 
trying season. The cost of the 
mixture is trifling, and, as far as 
I have seen, the operation need 
not be repeated oftener than once 
in two or three years. 



A Marvellous Stimiilant — 

Fitury is a stimulant said to be 
of marvellous power, and known 
to be used by the aborigines of 
Central Australia ; but its OTisdn 
has hitherto remained uncUs- 
covered. In February, 1878, how- 
ever, after vainly endeavouring 
for many years to obtain a spe- 
cimen of the plant, Baron Fer- 
dinand von Miiller, Director of 
the Botanical Gardens at Mel- 
bourne, succeeded in getting some 
leaves ; and after careful micro- 
scopic examination he has shown 
that they are derived from the 
Dnboisia Hopwoodii, which he 
described in 1861. This bush ex- 
tends from the Darling River and 
Barcooto West Australia, through 
desert scrubs, but is of exceed- 
ingly sparce occurrence anywhere. 
In fixing the origin of the pitury, 
a wide field for further inquiry is 
opened up, inasmuch as a second 
species of Duhoisia extends in the 
forest-lands from the neighbour- 
hood of Sydney to near Cape 
York, and has also been traced in 
New Caledonia, and more recently 
in New Guinea. In all proba- 
bility^ the latter shares the pro- 
perties of the former, as Baron 
von Miiller finds that they both 
have the same burning acid taste. 
The natives of Central Australia 
chew the leaves of the pitury, 
just as the Penlvians and Chilians 
masticate those of the coca, to 
invigorate themselves during their 
long foot journeys through the 
deserts. Baron von Miiller is not 
certain whether the aborigines of 
all districts in which the pitury 
grows are really aware of its sti- 
mulating power; but those living 
near the Barcoo travel many day r 
journey to obtain, this^ to them, 
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precious foliage, wldcli they al- 
ways carry about with them, 
broken into small fragments and 
tied up in little bags. The blacks 
nse the pitury to excite their 
courage in wanare , and a large 
dose has the effect of infuriating 
them. It is by no means impro- 
bable that experiments may show 
that by this discovery a new and 
perhaps important medicinal 
plant has been gained. 

Sugar in the NjBctarof Flowers. 
— Mr. Alex. S.Wilson, M.A., B.Sc. 
Glasgow, read a paper at the 
Dublin Meeting of the British 
Association ** On the 4-inounts of 
Su|^r contained in the Nectar of 
various Flowers." Nectar, he said, 
is the sweet-tasting fluid secreted 
within the cups of flowers, and is 
intended to provide an induce- 
ment to cause insects to visit the 
flowers. These insects confer 
great benefit on t]ie powers by 
assuring their cross fertiUsation, 
bringing pollen from other plants 
and depositing it on their stigmas. 
The result of this is that the 
plant is enabled to produce seeds 
of much greater vigour than it 
otherwise would. The saccharine 
fluid is usually contained in the 
most secluded portion of the 
flower, in order that it may be 
protected from the rain, for, owing 
to the solubility and the diflhsi- 
bility of sugar, were it not so pro- 
tected it would speedily be trans- 
ferred to parts of the plant where 
it could be obtained by the in- 
sects without their serving the 
plant in the way of cross fertilis- 
ation. The colour, odour, and 
marking of flowers, enable insects 
to find the nectar more easily. 
The importance of these insects 
wi/J be apparent from, the small- 



ness of the amounts of sugar 
found in the flowers experimented 
on by Mr. Wilson. Flowers of 
fuchsia yielded a total of 7*59 mm. 
of sugar— 1*69 of this was fruit 
sugar, and 5*9 apparently cane 
sugar. Of red clover eacn head 

fave a total of 7*93 mm. — fruit 
*95, apparent cane sugar 1*98. 
On each head of clover there are 
nearly 60 distinct florets. Calcu- 
lating from these results there 
was the industry of the bee brought 
out in an extraordinary manner, 
for in order to obtain the kilog. 
of sugar 7,500,000 flowers must 
be sucked. As honey contained, 
roughly, about 75 per cent, of 
sugar, a bee has then to make two 
and a half millions of visits in 
order to collect a fund of honey. 
It was rather a curious fact that 
nectar should contain cane sugar, 
seeing that honey never did — in- 
deed, were a vendor to sell honey 
containing cane sugar, he would 
probably be prosecuted under the 
Adulteration Act. A change 
must therefore take place wlme 
the sugar is in the bee's posses- 
sion — possibly through the action 
of the juices with which it comes 
in contact while in the honey-bag. 
As nectar is acid in its reaction, 
it is, however, possible that the 
process of inversion may take 
place spontaneously. 

Soda in Plants.— A large num- 
bpr of specimens of dried or living 
plants (nearly 600 species) have 
lately been examined by M. Gon- 
tejean, with reference to the soda 
they contained. He finds that 
mo^e than three-fourths of terres- 
trial plants proper (non-mari- 
time) growing in media not appa- 
rently saline, contain Boda» and 
often a good deal of it. It is 
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nearly always accumulated in the 
subterranean part of the plant, 
and diminishes in amount as you 

Sroceed U|)ward8, so that the 
owers, fruits, branches^ and top 
of the stem show no trace of it. 
Aquatic plants are an exception ; 
they contain much soda in all the 
submerged parts ; the parts rising 
out of the water contain much 
less, and ofben none at all. The 
aptitude for soda varies according 
to families, genera, species, and 
even individuals. Azotised plants 
(as Lyciuniy &o.) contain least; 
there seems to be an antipathy 
between soda and nitrogen, or at 
least between soda and nitrous 
and ammoniacal compounds. Non- 
saline soilsj which do not contain 
lime, seem more favourable to 
soda-containing plants than cal- 
careous soils. All the facts seem 
to indicate that soda is hurtful, 
or useless, to the majority of 
plants. The roots seem to ab- 
sorb without discrimination, and 
by diffasion, all the soluble prin- 
ciples they are in contact with, 
and afterwards a sort of sifting 
takes place, which hinders the 
deleterious substances from pene- 
trating into the organs where their 
presence might be mischievous. 

The Insect Fertilisation of 
Flowers. — A paper " On the As- 
sociation of an Inconspicuous 
Corolla with Proterogynous Di- 
chogamy in Insect - fertilised 
Flowers," was read before the 
British Association meeting at 
Dublin, by Mr. Alex. WUson^ 
M.A., B.Sc. Glasgow. There is 
a class of flowers, represented by 
the common figwort (Scrophu- 
laria nodosa), which are shown, 
by their secreting nectar and 
emitting odours, to be dependent 



on the visits of insects for their 
fertilisation, and not on the wind, 
and yet they do not possess a 
conspicuous coloured or marked 
corolla for the guidance of insects 
to the flowers. Moreover, the 
flowers are in them not massed 
together, to gain additional con- 
spicuousness,asin highly-coloured 
flowers, like heaths, foxglove, gla- 
diolus, &c. Highly-coloured con- 
spicuous flowers are usually pro- 
teranthous — i.e., the anthers are 
matured before the stigma, and, 
as flowers are usually developed 
from below upwards, it follows 
that in any given plant the lower 
flowers wiU have shed their pollen 
and have their stigmas ready to 
receive it by the time the upper 
flowers are beginning to shed 
their pollen. In tnis inconspicuous 
class, on the other hand, the 
lower flowers will be in the second 
or male stage when the upper 
flowers are as yet in the younger 
or female stage. Now it is clear 
that an insect visiting such 
flowers must adhere to the habit 
of the bee, which invariably be- 
gins at the lowest flower on a ' 
stalk and goes upward, taking 
each flower in regular succession. 
By this means it invariably enters 
first a female flower, and there 
deposits the pollen it brings with 
it from another plant. Were the 
bee to reverse this order, the 
whole elaborate arrangements of 
many plants for cross- fertilisation 
would be upset, for the bee would 
simply transfer pollen from the 
upper male flowers and deposit 
it on the lower female ones. 
This would be fertilisation by 
flowers of the same plant, and 
this Mr. Darwin has shown to be 
little or no lo^\»^x \Jwmi %^M-fer 
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tilisatdon. In tlie case of the in- 
conspicnons flowers, where the 
opposite condition obtains, a bee 
wonld frustrate fertilisation by 
adhering to its ordinary ascend- 
ing habit. Mr. Wilson's obser- 
rations of a wasp visiting these 
plants indicate that the wasp 
oegins at the top flower and 
proceeds downwards — so that 
they are adapted specially to 
such insects; and as wasps are 
generally predatory in their habits, 
and not entirely vegetable feeders, 
as bees are, it is probable that, 
like other carnivorous creatures, 
their perceptions of vision and 
scent are keener ; hence wasps 
can probably find these obscure 
flowers quite as easily as a bee 
can a highly>coloured one. The 
plant, therefore, finds that the 
material can be more economically 
utilised than in the production of 
a coloured corolla, just as in the 
case of self-fertile cleistogamic 
flowers. 

The Distribution of Plants in 
North America.— -Sir Joseph D. 
Hooker, B;!.C,S.L, President of 
the Boyal Society, delivered a 
discourse on the Distribution of 
Plants in North America, on the 
12th of April, 1878. He began 
by mentioniug numerous in-s 
stances of the dissemination of 
plants by emigration. Thus, on 
arriving in New England last 
summer, he found at once more 
than 250 old England plants 
which had displaced natives, and 
the same in warmer regions. He 
then pointed out on the map how 
in the Arctic regions the three 
northern continents approach, a 
fact which favours the assump- 
tion that they were formerly con- 
nected; and he then commented 



on the chief geographical features 
of North America. The Arctic 
American fiora was stated to be 
on the whole uniform, with genera 
and species not found eastward 
or westward, and partly that of 
Greenland. Soutn of this are 
the British possessions, which 
contain a mixture of the floras of 
Northern Europe, Asia and Ame- 
rica. It is on entering the United 
States that the Sora of temperate 
North America attains its great 
development. Thus, the great 
eastern forest region, extending 
over half the continent, consists 
of immense numbers of mixed 
deciduous and evergreen trees. In 
a patch, a few miles from St. 
Louis, on the Missouri, in less 
than a mile's space, Sir Joseph 
counted 40 kinds of timber 
trees (oaks, maples, elms, &c.) 
and about 20 kmds of shrubs ; 
and even in the little Goat Island, 
at the cataract of Niagara, he 
found 30 kinds of trees. In 
no temperate region of the globe 
is there such an aggregation. The 
speaker then, referring to a dia- 
gram in which a line was drawi^ 
at about 40 deg. North latitude, 
proceeded, going westward, to 
characterise the flora of the grassy 
prairies, followed by that of the 
Bocky Mountains of Colorado, 
a grassed and loosely timbered 
coniferous region, wiui cacti be- 
low and an alpine region above ; 
then came the great Salt Lake, 
a saline region nearly treeless ; 
and, last, the great coniferous re- 
gion of the Sierra Nevada and 
the valley of California, heavily 
timbered with chiefly evergreen 
trees. 

Sir Joseph then expounded the 
geological and climatic reasons. 
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based upon the researches of Mr. ' 
Darwin, Dr. Asa Gray, and him- ' 
self, for the presence in the North i 
American flora of Asiatic and 
Scandinavian plants, and the 
mode of their distribution, refer- 
ring to detailed evidence^ He con- 
clnded with an interesting account 
of the two giants of the vegetable 
kingdom — the " redwood " (Se- 
quoia sempervirene) and the "big 
tree," Wellingtonia (Sequoia gi- 
gantea). Their fossil remains are 
found in miocene beds in high 
latitudes roun^ the globe. The 
redwood, in a dense forest, skirts 
the ocean for about 500 miles, 
attaining an enormous height and 
^firth; it affects a warm shore. 
The " big tree *' endures a cooler 
climate, as on the Sierra Nevada. 
A ** big tree " recently felled was 107 
fib. in girth, and its estimated age 
was 6,400 years — ^more probably, 
Sir Joseph thought, 3,500. The 
average height of these trees at 
full age was given at 275 ft. (the 
maximum, 320 ft.) ; the girth at 
6 ft. above the ground, 70 ft. (max- 
imum, 120 ft.) ; the maximum 
age, 4,000 years. A few of the 
most magnificent groves of the 
^* big trees " are protected by the 
State, but the rest are being ruth- 
lessly and wantonly destroyed by 
fire and the saw. The Anglo- 
Saxon exterminates what he can- 
not use, and spares neither young 
nor old ; and possibly the present 
generation, which witnessed th,e 
discovery of the ** big tree,'' the 
noblest of the noble coniferous 
race, may live to say of it that 
the place which knew it knows 
it no more. 

The Progress of Botany.— In 

the Bible there is mention made 
(pf about flfty plants distinctly 



determined, and about fifty others 
designated in more general terms. 
The works of Hippocrates men- 
tion 234 vegetable plants, and 
those of Theophrastus about 500. 
Dioscorides knew more than 600, 
and 800 names of natural plants 
are met with in the "Natural 
History" of Pliny. We have 
some data regarding the plants 
cultivated during the time of 
Charlemagne, and in the feudal 
manors, in which crossing intror 
duced some improvements. But 
it is, properly, m the time of the 
Benaissance that botany, like all 
the sciences of observation and 
the technical arts, began to make 
rapid advancement. 

In the sixteenth century we 
find 800 plants in the works of 
Conrad Gerner ; 1 ,400 in those of 
Charles de TEscluse ; 2,731 in the 
" Historia Generalis Plantarum " 
of J. Dalechamps, in 1537 ; 6,000 
in the " Pinax Theatri Botanici " 
of Gaspard Bauhin. 

The seventeenth century is 
marked by the works of Toume- 
fort (1694). He knew 10,146 
species ; he was the first to 
arrange them in genera — 694 in 
number. 

In the eighteenth century the 
immortal Charles Linnaeus, the 
founder of botanic nomenclature, 
had, at the end of his life, defined 
7,294 plants, distributed in 1,239 
genera. 

In the nineteenth century, ac- 
cording to the " Synopsis Plant- 
arum of Persoon, there were 
known, in 1825, from 25,000 to 
26,000 species, comprising the 
lowest forms of moulds, and all 
that was contained in herbaria. In 
1819, P. de CandoUe, in the second 
edition of his *' Th^orid UlemQu.- 
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taire de Botaniqne," estimated at 
30,000 the nnm oer of species then 
known scientificallj. In 1824, 
Stnedel, in his " Nomenclator 
Britannicus," gives 70,649 names 
of plants, ranged in 3,933 genera ; 
the second edition of this catalogue 
brings the nnmber np to 78,000, 
arranged in 6,722 genera ; but 
these numbers apply to names 
existing in science rather than 
to things existing in nature. 
The **Hortus Bntannicus of 
Loudon," of 1839, enumerates 
31,731 species, in 3,732 genera. 
In 1845 Las^que reckons the 
plants known at 95,000, and 
in 1846 John Lindlej divides them 
into 66,435 dicotyledons and 13*952 
monocotyledons. Etienne End- 
licher, in his " Genera Plantarum " 
(1836-1840),describes 6,895 genera 
known in the plant kingdom, 
comprising fossils — or only 6,135 
now living, and 240 families. In 
1853 J. Lindley ("Vegetable 
Kingdom ") estimates the genera 
at 8,931, and the species at 92,920. 
In 1863, Bentley estimates the 
species known at 125,000. This 
last number may probably be 



doubled when herbansing shall 
have been accomplished all over 
the earth. Meanwhile we may 
estimate the whole of what is now 
known at 60,000 dicotyledons, 
20,000 monocotyledons, and40,000 
cryptogams — or about 150,000 
species, distributed in 8,000 
genera. On the other hand, in 
the first half of this century the 
number of species cultivated was 
raised, in round numbers, from 
10,000 to 30,000, and it may be 
supposed that the catalogue of 
plants now cultivated would com- 
prehend somethii^ li^^ 40,000 
botanical species, not counting 
races and varieties. According 
to this estimate there will be 
10,000 species to be added to the 
"Hortus" of 1839, or a round 
number of 250 to 300 species for 
each year, which agrees, it appears, 
with the number which may be 
found directly — ^thus, the list pre- 
pared by M. Andr^ de Vos, of 
nothing but ornamental plants 
descrilm or figured for the first 
time in the year 1876, contains 
no fewer than 175 new names. — 
Lw^Natwre, 
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TALES; 



The Best Route for High Lati- 

tndes. — Dr. Rae delivered an essay 
at the Dublin ]&ieetiDg of the 
British Association, on the best 
ronte to attain a high northern 
latitude, or the Pole itself. He 
reviewed the progress and results 
of previous expeditions, referring 
particularly to the Nares expedi- 
tion. Sailing vessels found diffi- 
culty in penetrating beyond lati- 
tude 82®, unless when there was a 
gale of wind from the south. 
Calm weather was the best for 
navigating the ice-floes. Arrived 
at the point reached by Parry, 
furtiier advance might be made 
with sledges. Mr. Gordon Ben- 
nett, of the New York Herald, 
intended sending out two ships in 
1879 to attempt to reach the Pole 
from opposite directions, one go- 
ing to Spitzbergen, and the other 
by Behrin g*s Straits. They might 
meet at the Pole. Admiral Rich- 
ards, in a letter to The Times, 
said he should not be surprised to 
see Captain Adams, of whaling 
notoriety, go in his Arctic ships 
right through Smith's Sound and 
out at the other side, but that 
speculation was made before Nares 
saw the ice. Previous to his ex- 
pedition a great many wild ideas 
had been expressed. It was a 
mistake to say there was not the 
least difficulty in going to the 
Pole with sledges. It should be 
borne in mind that the journey 



was about 1^400 miles. Sir Leo- 
pold M'Clintock had done good 
service among the Parry Islands, 
using sledges, but he did not go 
more than 600 miles from his 
ship. His object was to show 
that a broad channel was a better 
route to reach a high northern 
latitude than narrow channels 
such as Smith's Sound, because 
in narrow channels the ice almost 
invariably infringed on one point 
or another, influenced by the ac- 
tion of winds and currents. The 
danger of navigating narrow 
channels was illustrated by the 
loss of no fewer than nine ships. 
'No properly equipped steamships 
had ever attempted, as far as he 
knew, to push to the north along 
the west coast of Spitzbergen. 
He considered it essential for a 
fair test of the Spitzbergen route 
to have a properly equipped steam- 
ship sent, because here, if any- 
where, steam power was requisite 
owing to the constant southern 
drift, and calm weather being the 
most favourable time to penetrate 
the ice, when a.sailing vessel was 
perfectly helpless. The thick ice 
spoken of by recent explorers, in- 
stead of beiug a danger to a ship 
was rather the reverse, as, it draw- 
ing much more water than the 
ship did, she found an easy pas- 
sage between the ice and the 
shore. 

Mountaia GlimiUiL^ mBvlti^li 
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Guiana, — An expedition was nn^r 
dertaken early in 1878, by Mr. 
Bodham-Whetham and a com- 
panion, with the view of endea- 
yonring to scale the famons Mount 
Boraima in the far interior of 
British Gaiana, on the Venezncr 
Ian frontier. Starting fromGeorge- 
town, they proceeded first np the 
Esseqaibo Eiver, then np the Ma- 
zamni to the Carabung, which 
they followed as far as the Ma- 
crebah Falls ; and there the hard- 
ships of their jonmey began. 
After a toilsome march, they apr 
proached the Marima mountain, 
and then made the best of their 
way across the savannah to the 
neighbouring pile,MoantBoraima. 
Massive and grand the mountain 
loomed np before them— an im- 
mense parallelogram, some eight 
miles by six, rising in a sheer pre- 
cipitous wall to a height of over 
1,200 feet above its lower and 
wood-clad portion, The angles of 
the parallelogram are sharp and 
clear, and the walls in some places 
are crenellated with quaint devices. 
On the south and east is a stony 
savannah; but the rest of the 
mountain is encompassed by a 
deep and almost inaccessible ra- 
vine. Every effort was made 
during the eight days the tra- 
vellers spent near the mountain 
to find a track among the fissures 
on its face ; but in every case a 
hopeless plumb-line of wall was 
reached, without a chink or a 
ridge to cling to, and without a 
vestige of bushes that might have 
aided a daring climber. The sum- 
mit is amply covered with vegeta- 
tion; but from certain circum- 
stances, Mr. Bodham-Whetham 
and his companion came to the 
conclusion that there is no lake 



on it, as has sometimes been sup- 
posed. — Academy, 

On the Fly River.— Aji expedi- 
tion was recently undertaken by 
Signor D*Albertis up the Fly 
River, New Guinea. It was car- 
ried out under very great difficul- 
ties. He experienced constant 
hostility on the part of the natives, 
and was much troubled by the 
conduct of some of his crew. In 
many places the natives were found 
to be very numerous, and on one 
day he estimates that he saw 
2,000 on the banks. On that 
occasion he passed a large village 
where there were more than 500 
people on the bank, whom he 
describes as " beautifully dressed 
with white feathers, and their 
bodies painted in many colours." 
They wore white shells for pur- 
poses of ornament and protection, 
and had " head-dresses of white 
feathers of cacatua and red and 
yellow Paradise bird." Signor 
D'Albertis discovered a large tri- 
butary entering the Fly River 
from the north-east. 

Improvements in Ceylon.— As 

regards Ceylon, we learn from an 
address delivered by Sir W. H. 
Gregory, the governor, that great 
improvements have been madet iu 
that fertile island: jungle and 
swamp have been converted into 
rice-fields or lakes ; in Kandy 
there is a constant water-supply : 
fountains are set up in the 
villages : laws are in force for 
preservation of the forests, of the 
deer, buffalo, and elephant : the 
pearl oyster, after some years' 
disappearance, has returned to 
the shores: a breakwater is in 
course of building which will 
convert the open roadstead of 
Colombo into a safe harbour. 
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accessible to large ships at all 
seasons, and it is thought that 
in time Ceylon will become the 
great free port of the East. 

In New Granada.— Mr. J. Ben* 
nett, late United States Consul 
at Bogota, gave an account of his 
journey up the Magdalena Biver, 
and subsequent life in the heart 
of the Andes, at a meeting of 
the United States Geographical 
Society on the 17th of December, 
1877. The Magdalena, Mr. Ben- 
nett explained, takes its rise in the 
Andes, near the frontier of Ecua- 
dor, is about 900 miles long, and 
is navigable 600 miles from the 
sea up to the rapids, and also 150 
miles above the rapids. He in- 
cidentally described Carthagena, 
which, he said, is the most mag- 
nificently walled city in America, 
and which was founded in 1533. 
The walls had stood the test of 
earthquake without breach, crack, 
or injury, while several other parts 
of the city had been severely 
shaken. The harbour, about seven 
miles long, is the most beautiful 
on the continent, and the city 
itself is the great entrepotof South 
America. The population at one 
time was about 50,000, but at 
present, Mr. Bennett says, it is 
not more than 20,000. The Mag- 
dalena he describes as in places 
tvo or three miles wide, the cur- 
rents flowing lazily in some parts 
of it, but being generally as rapid 
as the current of the Mississippi 
at New Orleans. It flows for the 
modt part through one of the 
richest and most prolific of coun- 
tries. In the earlier part of their 
journey they found that the sugar 
cane, corn, and tobacco received 
some cultivation, but that all the 
tropical plants grew along its 



banks almost without attention. 
The climate was always that of 
spring or summer, but it suffered 
from all the disadvantages of the 
tropics. Their boatmen, for in- 
stance, were obliged to pole the 
conveyance used on the river up 
stream for 32 days in a tempera- 
ture of 120 degs. For their com- 
pleted service they received 14 dols. 
each, or less than 50 cents a day. 
Often during the day the heat 
went up to 130 degs., while the 
attacks from insects were unen- 
durable. 

The people were of the quality 
which one might expect to find 
in such a climate. Nothing sur- 
prised them but an earthquake. 
They would walk out to be shot 
without a murmur, but work they 
would not if it could possibly he 
postponed. If a new garment be- 
came necessary, they would wash 
as much gold from the earth as 
was required to purchase it, but 
they would not wash any more 
than was absolutely necessary. 
Mr. Bennett described graphically 
the malarial districts at the foot 
of the rapids, the tumultuous tor- 
rents of the rapids themselves^ 
the navigation of the Upper Mag- 
dalena, upon which is the Santa 
Anna silver mine, worked by an 
English company, the glorious 
prospects which he beheld in the 
ascent of the Andes to the table- 
land upon which is the city of 
Bogota, over 8,000 ft. above the 
sea, while the mountains in turn 
towered above it 2,500 ft. He 
spoke in the highest terms of the 
politeness, refinement, and hos- 
pitaUty of the community, and 
said that the moral tone was 
much superior to that existing in 
the cities of the St&t&a« "Kob^^^ 
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he said, need want friends in 
Bogota, unless he did not deserve 
them. 

The Nyassa.— A iectnre was 
delivered in the spring of 1878, be- 
fore the Society of Arts, Adelphi, 
by Mr. H. B. Cotterill, npon 
the prospects of commetce and 
colonization in the region of the 
Nyassa. Admiral Ommanny pre- 
sided, and in introducing the lec- 
turer said that Mr. Cotterill had 
lust returned from Africa, where 
he had gone over many hundreds 
of miles never before travelled by 
Europeans. The lecturer urged 
that it was England's duty not to 
waste more money and life in 
useless exploration, but to use 
zeal, common sense, and money 
in securing footholds and centres 
for civilizing influences. This 
had been done to some extent at 
the Nyassa. He sketched the 
suppression of the slave trade on 
the coast line, and stated that the 
word " suppression " exactly ex- 
pressed the circumstances of the 
case. The trade was scotched, 
but by no means dead. Were the 
pressure put upon the trade re- 
laxed, slavery would again revive. 
Not until England's influence 
was felt in the interior would the 
death-blow to the trade be given. 
The advantages which the Nyassa 
offered for commencing beneficial 
influences upon the interior were 
that there existed a great lake 
settlement ; the accessibility of 
the Nyassa both by land and 
water, as compared with other 
lakes ; the magniflcent waterway 
supplied by the Nyassa itself to 
the very heart of the continent, 
and the commanding position 
that any settlement at the north 
end of the JST^-assa would hold. 



With two comparatively short 
breaks, it was shown by the map 
that up the centre ot the conti^ 
nent there was a continuous 
waterway connection from the 
delta of the Zambesi to the delta 
of the Nile. It was true that 
African rivers were of difficult 
navigation, and that the lakes 
were subject to violent and 
sudden storms ; but how such 
natural obstacles Could be over- 
come was evidentj not only from 
the fact of General Gordon's 
success in the north, but from the 
fact that the little Ilala had pene* 
trated by this waterway to the 
distance of nearly 1,000 miles. Mr. 
Ootterill then described the route 
by water, commencing on the 
Zambesi and Shire rivers ; dwelt 
upon the delights of the region 
of the lake Nyassa, and spoke of 
the sport he had with rod and line 
on the lake. The lecturer thought 
that the more northerly parts 
of the lake were far more beauti- 
ful and more populous than the 
granite country of the south. 

Ivory was stated to be in abun- 
dance, as well as the teeth of the 
hippopotamus. There was evi- 
dence of the presence of precious 
metals. Cotton grew wild, and was 
also cultivated by the natives. 
Sugar cane, grains of various 
kinds, yams, bananas, and the 
like grew luxuriantly. Indigo 
and coffee would probably thrive. 
The timber was fine, especially 
towards the north. The ex- 
ploration of the other parts 
of the lake Nyassa was described 
by means of a large map. Mr. 
Cotterill stated that by the muni- 
ficence of one or two private 
persons a direct road had already 
been begun of about 300 miles to 
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the north of Nyassa, and lie con- 
tended that there were great 
facilities for establishing, by the 
aid of the waterway, a settlement 
in the heart of Amca, with the 
advantage of a line of commnni- 
cation. 8nch a settlement wonld 
command all the country to the 
west of the Nyassa, all the ivory 
wealth of the Uwvisa land, and 
the sonth region of Tanganyika, 
now diverted by the very cir- 
cnitons rentes throngh Ujiji to 
the north, or Kota Kota and 
Kilwa in tiie sonth. In answer 
to questions, the lecturer said 
that the lake region, when once 
a person became acclimatised, was 
as healthy as India. The marsh 
lands he described as exceedingly 
nnhealthy. 

New Guinea. — Mr. Ingham, 
who represents the Queensland 
Grovemment at Port Moresby, 
famishes some interesting in- 
formation concerning New Guinea. 
Fort Moresby is situated about 
latitude 9"" 2(K 8,, and longitude 
147^ S(y E., and access to the 

S>rt is obtained through the 
asilisk, opening in the New 
Guinea Barrier Beef, which is 
about five miles from the en- 
trance of the harbour, and good 
anchorage is obtainable under 
the south head in some six 
fathoms of water, at a distance 
of a mile and a quarter from the 
shore. Deep water is found close 
up to the eastern head^ from 
wnic^ a native track runs round 
the harbour to the village of 
Annapata, and the colonist party 
in landing their horses availed 
themselves of this portion of the 
harbour, the vessel bein^ warped 
to within 100 yards of the beach, 
whence they were able to swim 



the horses ashore and drive them 
round the village. A range of 
high mountains forms the back- 
bone of the peoinsula, and be- 
tween these and the Port Moresby 
coast is first a stretch of level 
country and then a series of low 
hills, which at some places run 
down steeply to the sea, and at 
others are succeeded by a con- 
siderable stretch of comparatively 
level ground. These hills skirt 
the harbour from the eastern head 
to Anuapata, where they lie back 
from the beach sufficiently far to 
give abundant room for a town- 
ship. Opposite to Anuapata a 
range of hills, dividing the har- 
bour from the sea, forms an efiec- 
tual barrier against the north- 
west monsoons, and renders Port 
Moresby absolutely land-locked. 
Water has to be brought from 
two springs at the foot of the hill, 
about a mile from the village. A 
European settlement would have 
to depend upon storage for its 
water supply. 

The natives of Anuapata and 
the adjacent villages closely re- 
semble the PolynesiQins of the 
New Hebrides group, especially 
those from the island ol Motu, 
and, strauge to say, these people 
call themselves Motu. This gives 
colour to the supposition that the 
Port Moresby natives were origi- 
nally drifted from this island, 
and there can be little doubt that 
they are interlopers at New 
Gumea. Their colour is a light 
bronze, and their hair varies in 
different individuals from curly 
and bushy to light wavy. The 
total number of Motu natives in 
Port Moresby is about 1,000. 

The available products of the 
country for commercial purposes 
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are the sago palm^ the sngar cane, 
small quantities of cocoannts, 
native flax, and cedar. Cocoa- 
nuts would not form a staple 
article of export, as the dense 
population of the country is suf** 
ficient to consume almost the 
whole of the present crops. 
There are several distinct varieties 
of sugar canej all of them per^- 
fectly free from disease. Mr* 
Ingham states that some canes 
were shown him as the product 
of a village east of Port Moresby, 
which were much superior to any- 
thing he has seen in Queensland, 
although he has had three years' 
experience there as a planter* 
He believes that, with care and 
perseverance, the natives might 
be got to work on sugar planta- 
tions, and an nulimited supply of 
labour could be opened up as soon 
as friendly communications were 
established between the white 
men and the natives. Among 
the natural productions of the 
country may be mentioned to- 
bacco, which is grown by the 
mountaineers, but their practice 
of drying it in the sun effectually 
destroys all flavour. 

Of course, at presents all busi- 
ness between the whites and 
natives is carried on by a system 
of barter, and for this purpose 
Barrett's twist is found to be a 
most convenient article of ex- 
change, the native consumption 
being such as to prevent any- 
thing like a glut in the market 
for some time to come — a com- 
mercial disaster which has already 
put a stop to the use of beads as 
current coin. Of course, as stocks 
get larger, the price of tobacco 
will also fall, and this has already 
be£^nn to operate. At present, a 



**hodu*' full of water— about a 
bucket and a half— is brought a 
distance of about a mile by the 
women for an inch and a half of 
twist, whereas the charge for the 
same service at the time of Mr. 
Ingham's first arrival was but 
half an inch. A cocoanut costs 
about an inch of tobacco ; yams 
vary in price according to the 
season ; a stick of sugar cane 
(12 ft. long) is worth about an 
inch and a half. 

The road from Port Moresby in- 
land is over the low range of hills 
at the back of the town, through a 
gap, at a level of 560 ft above the 
sea; thence by a gentle descent 
into a large black soil plain, which 
extends for about 12 miles to the 
bank of the Laloki river. A large 
portion of this plain is covered 
with good kangaroo grass, and is 
admirably adapted for grazing 
cattle ; on the other side of the 
river there are about four miles of 
level country, after which a dense 
scrub is reached, and then the 
lower spurs of the main dividing 
range. The Laloki river takes a 
course almost parallel to the coast, 
running between the main range 
and the east hills, and empties 
itself into Eedscar Bay, about 40 
miles from Port Moresby. The 
natives say that about 40 miles 
inland from Port Moresby, at a 
height of 2,000 ft. above the sea> 
it is only five sleeps to the big 
water on the other side, so that, 
should it ever be required, there is 
little doubt that communication 
could be obtained with the north- 
coast through the great gap 
between Owen Stanley on the 
west and Mount Obree on the east. 
The absence of ports on the north- 
west coast renders it not unlikely 
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that a large portion of it may 
have to depend upon Port Moresby 
for supplies. A third and a dis- 
tinct race, called Coiairies, inhabit 
the large mountain ranges fni'ther 
inland. These men are very supe- 
rior to either the Koitappos or the 
coast natives, both in physique 
and in intelligence. Westward 
from Port Moresby are innume^- 
rable little villages of from 200 to 
400 inhabitants, and these extend 
along the coast as far as Cape 
Suckling. After passing this point 
a different race of people is ap- 
proached ; these are the time jet- 
black Papuans. Eastward from 
Port Moresby also are numerous 
small villages until Hood Lagoon 
is reached, where there is a village 
of 1,000 inhabitants or more. 
These natives are in a higher state 
of civilization than those of !Port 
Moresby, though undoubtedly of 
the same race ; they are exceed- 
ingly light-colouredj and have 
quite long wavy hair of a light 
brown colour, probably kept so by 
the use of Hme. Beyond Hood 
Lagoon the villages are more 
populous, and in Keppel Bay there 
IS a village of about 4,000 in- 
habitants. 

Still further eastward the region 
of cannibalism is reached. One of 
the principal occupations of the 
cannibals is that of patrolling the 
coast in large war canoes in search 
of smaller craft, and woe to the 
canoe overhauled by them; for 
whether its occupants be a crew 
of fishermen blown out of their 
reckoning,or a company of traders 
who have ventured beyond pru- 
dent limits, their lives are forfeit 
to the enemy, their bodies are 
eaten, and their skulls taken to 
adorn the canoes or houses of 



the captors ; the jawbone of the 
prisoner being used fts an arm-orna- 
ment. The cannibals are nearly 
black, thereby affording additional 
proof that the Motu men are 
merely immigtants who have set- 
tled upon a small portion of the 
(ioast. 
The Island of Cyprus.— A paper 

on Cyprus was read at the Dublin 
meeting of the British Association 
by Major Wilson, director of the 
Ordnance Survey of Ireland. He 
stated that Cyprus, the third 
largest island in the Mediter- 
ranean, is situated in the eastern- 
most part of the sea, having Asia 
Minor to the north and Syria to 
the east. Cape Cormachiti is 
about 46 miles from Cape Ana- 
mour, in Cilicia ; and Cape St 
Andrea, the J^.E. point, is about 
60 miles from Latakia, in Syria. 
Since it became subject to the 
blighting influence of Moslem rule 
each year has seen vineyards run 
to waste, cultivation decrease, and 
a hopeless state of despondency 
settle down on the people, until at 
last the most beautitul and fertile of 
islands has become in parts almost 
a desert. For years the land has 
lain fallow ; but with the influx of 
British capital and energy the 
island is capable of again becom- 
ing the garden and granary of the 
East. A very short time will see 
the great plain again covered with 
golden com ; but to replace the 
vineyards, the olive groves, and 
the forests which were once the 
glory of Cyprus will require time. 
The island is chiefly occupied by 
two mountain ranges, having a 
general E. and W. direction. Major 
Wilson mentioned that there are 
three separate peaks, the highest 
, being about 6,160 feet. There are 
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no vines on the snmmits, which are 
quite bare, the rock being broken 
np by the action of the weather. A 
short distance down the mountain 
is the large monastery of Troo- 
dissa. The level ground is covered 
with gardens and fruit trees, the 
valleys are green with pasture 
land, while along the coast line 
one village follows another in 
quick succession. It is the richest 
part of the island, and the fresh 
sea breezes from the north and the 
numberless rapid streams from the 
mountains make it the healthiest. 
There are no ^ood natural har- 
bours. The chief places of trade 
at present are only open road- 
steads. Salamis and Famagousta 
are artificial harbours ; the latter 
could easily be made a good one. 
Tyrinia, on the north coast, is a 
very small and bad port, but the 
only one on that side of the 
island. Lamaca, which is built 
on the site of ancient Oitium, is 
now the chief place of trade, and 
contains 6,000 or 6,000 inhabi- 
tants. Simosaki is the principal 
export town for wine. Paphos, 
the residence of Sergius Faulus, 
is where Elymas was struck with 
blindness. It is celebrated for the 
worship of Aphrodite, or Yenus, 
who was believed to have there risen 
from the sea, Salamis was called 
by the Greeks a good harbour ; 
Jews had synagogues there. 

The population of the island is 

about 144,000, of whom 44,000 are 

Moslems. The Oypriots are dull 

and stupid, but are very docile 

and sober, and their love of home 

and family is a most favourable 

tradt in their character. The 

Oyprian peasants themselves have 

so mtle skill and forethought that 

t^0 most careful ^oyernment 



would have some trouble in get? 
ting them to work harder and 
more intelligentlVf " Cyprian ox" 
was the term of old used to de- 
scribe this race, so stubborn, bo 
wanting in intelligence ; and even 
at the present day the true Cypriot 
squats in his native village, sur- 
rounded by filth, sticks to his 
ancient habits, and goes no fur- 
ther then he can help. The 
climate has been affected oy many 
causes. The forests, which had 
been the glory of the island, have 
disappeared. During the period 
of the Turkish rule everyone out 
down what he wanted; no one 
ever thought of replanting. The 
poorer the people became the more 
the forests disappeared, and the 
finishing touch was given by 
Mehemet AJi, who cut down 
nearly every liee, partly for sale, 
partly for shipbuilding, partly for 
use in Egypt> When the people 
were asked about disforesting 
they said, ''It has always been 
done in our country;" and when 
the consequences were pointed 
out they said, " The Government 
wishes it," so accustomed were 
they to abuse the Turks for their 
own shortcomings. 

The climate is good, but there 
are fevers just such as attack 
visitors at Malta, which last only 
two or three days. Near the end 
of the great plain there are larg^ 
swamps, into which the rivers 
divide tiiemselves, and are thus 
prevented from reaching the sea. 
Major Wilson recommended the 
introduction of the eucalyptus, or 
Australian gum tree, a plant which 
has the effect in swampy districts 
of pTodncin^ be^nft^cial results, as 
was instan-Cftd m M^wnau "^^Sa 
iiie only g!»©ii'^^aja\»'^\ji<2!Q^*&«t'^ 
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has grown for one year, the locnsts 
do not attack, because of its as- 
tringent properties. This is also 
the more important, because the 
island is visited by a plague of 
locusts. There are abo seasons 
of great drought, but the heavy 
dews to a great extent counteract 
their effect. 

As to the mineral products, 
Major Wilson mentioned that 
copper mines had been extensively 
worked in the island by the 
Eomans. The principal ones were 
situated near Tamassus, about 
three hours' ride from Dale 
(Idalium). Coal, or shale, has also 
been found near the ancient Soloe, 
Besides copper, Strabo mentioned 
that the island produced silver ; 
and Pliny records the existence of 
precious stones, probably rock 
crystal. In saving that Ught 
fevers attacked those who visited 
the island he did not wish to 
convey that the climate was what 
could be fairly described as un- 
healthy. It arose from the cir- 
cumstances which he described, 
which prevented the rivers reach- 
ing the sea. It would also occur 
to them that the place could 
scarcely have been unhealthy 
when the Greeks adopted it for 
the worship of Yenus. He hoped 
that they would not be led by 
the acquisition of Cyprus into a 
military government. There was 
no occasion in Cyprus for the 
employment of a large number 
of troops. The number employed 
by the Turks was exceedingly 
small, and did not exceed half 
a regiment; and most of the 
soldiers used were a sort of miHtia, 
raised in the island^ who never 
.•went bejondita limits. 
He hoped that one of the first 



things the Qovemment would do 
would be to send over a properly 
organized scientific expedition to 
survey the island. They had no 
proper topographical survej. The 
maps they had were by difierent 
itinerants, who had crossed the 
island from difierent directions. 
They had no scientific maps of 
the mines ; and he thought a 
geological survey should also 
be made. The whole country 
required to be excavated, for there 
must be a great number of valuable 
inscriptions there. As an instance 
of what might be discovered, he 
mentioned me bi-lingual inscrip- 
tion, in Phcenician and Cypriote, 
upon marble found by Mr. Lane 
at Dale, the ancient Idalium, in the 
British Museum. He had no doubt 
that the energetic High Com- 
missioner, Sir Garnet Wolseley, 
would so deal with the adminis- 
tration of the country that in a 
few years Cyprus would set an ex- 
ample to the whole country of 
rich produce. He would like to 
see the old Castle of Bufiamento 
one day the seat of the High 
Commissioner of the island of 
Cyprus. 

The Land of Midian and its 

Mines. — An expedition into the 
Land of Midian was undertaken 
by Captain Barton in the close of 
1877, The object of the expedi- 
tion was to examine into the 
mineral wealth of the country, 
which hitherto has been very little 
visited by travellers, and is only 
imperfectly know to geographers. 
Yet the minerals of Miman were 
known both in biblical and clasi- 
cal times. Everybody remembers 
how Moftft»,'s»\iwODka^'fe\^wsi.*^^ 

face oi 2\iftx«L0>a.A^^^*^^^*=^ 
of Mi^MJiwi^m'ams^^^^^^^'^ 
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daughter; and how, notwithstand- 
ing this alliance, the children of 
Israel, after the Exodus, vexed by 
the wiles of the Midianites, made 
war npon them and slew their 
kings, and burnt their cities and 
their goodly castles, and spoiled 
them of ** gold, silver, brass, iron 
tin, and lead," and "jewels of 
gold, chains and bracelets, rings, 
earrings, and tablets ; " and how 
Moses ordered the wrought jewels 
of gold to be brought into the 
Ta^macle as a memorial. It is 
equally well-knowu, too, how the 
Homans long afterwards again 
worked the mines whence these 
metals were dug, and many are 
the traces of their work which 
Captain Bui*ton has recently 
found. Yet next to nothing is 
now known of the country, its 
wild wastes of rock, its barren 
Talleys and precipitous moun- 
tains, its vast half-worked mines, 
its ruined cities, and its wandering 
and savage population. That it 
lies to the east of the Bed Sea, 
that it belongs, for some mysteri- 
ous reason, k> !E^gypt, is about all 
99 out of every 100 people know 
about it. 

Captain Burton's expedition left 
Suez on December 10, 1.877f and 
returned there on April 20, 1878. 
During four month of hard travel- 
hngand voyaging.upwards of 2,500 
miles, they only lost one soldier, 
who died of fever. They brought 
home some 25 tons of geological 
specimens to illustrate the general 
geological formation of the land ; 
six cases of Colorado and Negro 
ore ; five cases of ethnological 
and anthropological collections — 
Buch as Midianite coins, inscrip- 
tions in Nabathean and Cufic, 
/^jnains of worked stones, frag- 



ments of smelted metals, glass 
and pottery ; upwards of 200 
sketches in oil and water colours, 
photographs of the chief ruins, 
including catacombs, and of a 
classical temple, apparently of 
Greek art ; and, finally, maps and 
plans of the whole country, in- 
oludiug 32 ruined cities, some of 
whose names can be restored by 
consulting Strabo and Ptolemy, 
besides sketches of many ateliers 
where perambulating bands like 
the Gipsies of ancient and modem 
times seem to have carried on 
simple mining operations. 

Among the specimens are ar- 
gentiferous and cupriferous ores 
from Northern Midian, and auri- 
ferous rocks from Southern. 
There are collections from three 
turquoise mines, the northern, 
near Aynuneh, already worked ; 
the southern, near ^iba, still 
scratched by the Arabs ; and the 
central, until now unknown save 
to the Bedouins. There are, more- 
over, three great sulphur beds, 
the northern and the southern, 
belongiuff to the secondary for- 
mation (now invaded by the trap 
granite), and the central, near the 
port of Mowilah, of pyretic origin. 
Bock salt accompanies the brim- 
stone, and there are two large 
natural salt lakes. The whole of 
the secondary formation supplies 
fine gypsum, and in parts of it 
are quarries of alabaster, which 
served to build the ruins of 
Maghair, She^ayb, Madiama (of 
Ptolemy), and el-Haura (Leuke 
Kome), the southernmost part of 
western Nabathea. 

The term Midian, popularly 
derived from Medan, the Hebrew, 
is really the Old-Egyptian "Mddi," 
a word which occurs in many 



GEOGRAPHICAL NOTES AIH) TRAVELLERS' TALES. 61 



papyri, whose plural is Madian, or 
Madina. The modem tribes that 
hold the land confine " Madyan " 
to the strip of maritime conn- 
try between the coast of Ghants 
and the sea, from the fort of 
Allabah (lat 29^ SO') to Mowilah 
(lat. 27<; 32'). Captain Burton 
calls this country Northern Mi- 
dian, and he applies the term 
Southern Midian to the tract 
of about similar size stretching 
south from Mowilah to the great 
Wady Hamz (lat. 25*» 55' 15"), 
where Egypt ends, and the 
Hedjaz — the Holy Land of the 
Moslems, the capitals of which 
are Mecca and Medina — ^begins. 
He also divides the country 
into two mineral districts: the 
northern, with Makna as its 
port, has not been much worked ; 
the southern, with Wedj as its 
harbour, shows extensive traces 
of ancient scientific labour. But 
he describes the whole as afford- 
ing great mining capabilities to 
modem science. These conclu- 
sions he arrived at by dividing 
his four months' exploration into 
three several .excursions — north- 
em, central, and southern. 

The caravan consisted of eight 
]EiUropeans, three Egyptian officers 
of the staff and two of the line, 
^5 soldiers and 30 miners, 10 
«lules, and about 100 camels. The 
northern excursion commenced at 
ttowilah, the port of arrival in 
Wfidian. They revisited the coun- 
try covered by Captain Burton's 
expedition in 1877. After re-in- 
spection of the ancient working 
of the precious metals, passing 
the traditional site of Moses' 
Well, they marched upon Makna, 
the port» and spent a week 
digging into and extracting the 



veins of silver which thread the 
quartz, carelessly cupeled spe- 
cimens, yielding 15 to 20 per cent, 
of silver. The hill is within a few 
minutes' walk of the coast, and 
by means of Mr. Haddan's cheap 
tramways it would be easy to ship 
the ore in the harbour. Leaving 
Makna, they rounded the windy 
Gulf of Allabah ; and the incor^ 
rectness of the British hydrogra- 
phic chart very nearly ship^ 
wrecked the parly on the reefs off 
the island Tiran. They reached 
Mowilah again on February the 
third. 

The second expedition followed 
and was directed to the inland 
region east of Mowilah. The 
object was to determine the longir 
tudinal breadth of the metalliferous 
country. A double chain of ghauts 
subtends the coast, and a succesr 
sion of valleys cut through these 
heights. Beyond the ghauts a 
rough and precipitous pass, terrible 
for loaded camels, leads to the 
Hisma, a plateau some 4,000 feet 
high, of new red sandstone, which 
is in reality the western wall of the 
Nejd, or great central uplands of 
the Arabian peninsula, and is re^ 
markable for the beauty of its 
brick-red precipices and castella- 
tions. East of the Hisma lie the 
dark lines of the Marreh, the 
basaltic, and doubtless volcanic 
regions whence the miners of old 
brought the rough mill-stones 
that served for their first grind- 
ings. But here the exp^tion 
reckoned without its hosts, the 
Maazeh, a semi-Egyptian tribe, 
who received them apparently 
with friendliness, bnt all the while 
were preparing for attack, murder, 
and plunder. The trap, however, 
Yraa \)8AV} ^^\» iox «XL 0^^\x»:^^^.> 
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Captaia Burton guessed the com- 
ing danger, and wels able to beat 
a hasty retreat without bloodshed. 
The expedition, altering its plans, 
then turned to the south-east. 
They passed through the lovely 
Wady Daumah, once teeming with 
fertility, now laid waste by the 
Bedouin, "the fathers of the 
Desert." They discovered the 
ruins of the city of Sheewak (the 
Souka of Ptolemy), which, with 
its outlying suburbs, its aqueducts 
carefully built with cement, its 
barrages across the village heads, 
its broken catacombs, its furnaces 
and vast uaines, covers some four 
miles. Here and elsewhere the 
furnaces were carefully searched. 
The Colorado quartz-ore and the 
chloritic greenstone, used as flur, 
showed what ore had been treated; 
but so painstaking were these old 
miners that not the minutest trace 
of metal was left to tell its own 
tale. Sheewak was evidently a 
city of workmen, probably of slave 
workmen. A few miles to the 
south lay Shaghab, the ruins 
of which, fkr superior in site 
and construction, suggested the 
residence of the wealthy mine- 
owners* Here the expedition 
turned west. The country was 
barren, roadless, and very thinly 
inhabited, but they came upon 
the ruinous traces of mining opera- 
tions at eveiy stage. On March 5 
they arrived at the flourishing 
little port of Ziba (Zibber on the 
hydrographic chart), built with 
tne remnants of some older town. 
Near Ziba was found the southern- 
most of the turquoise mines. Its 
natives have learnt the art of pro^ 
moting the growth of pearls by 
inserting a grain of sand into 
eacli ojater. 



The third, or southern excur- 
sion, which Captain Burton was 
enabled to undertake by the des- 
patch of a second ship and another 
mouth's food from Suez, proved 
by far the most interesting to 
mineralogist and archsdologist 
alike. Grold mining evidently here 
takes the place of silver and 
copper extracting, and the vast 
traces of the labours of the scien- 
tific old miners in shafbing and 
tunnelling teach exactly their 
fn,oduB operandi. The Msireh, or 
volcanic district, which they in- 
spected, extends as far as Yembo, 
and possibly as far as Medina, 
the Holy Oitjr. It is covered with 
ruins of mining works, and the 
expedition found gold threading 
and fllmine the basalt, which led 
them to brieve this district to be 
the focus of the mineralogical out- 
crop« Meanwhile, M. Marie, the 
mining engineer, proceeded to the 
southern depot of sulphur, and 
discovered a third hill distant only 
two miles from a navigable bay. 
He secured specimens of this rock 
and also of cnalcedony, the mate- 
rial of the flnely-engraved seals 
and amulets worked by the natives^ 
He found, and the whole party 
afterwards visited, an outcrop of 
quartz, in mounds, hillocks, and 
gigantic reefs> called *' Abel Mar- 
wah," and the disused works, of 
great extent, were surveyed. 

The caravan^ now guided by the 
Balizy tribe, which claims some 
of the old mining districts, left 
the port of Wedj, March 23, and 
visited the ruins of Um el Karay- 
yat ("Mother of Yillages'*), where 
the remains of mining operations 
lie scattered about in all direc- 
tions. In parts the hill of snowy 
quartz has oeen so well burrowed 
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into that it has fallen in. All the 
shafts and passages were dnly ez" 
plored. The precious metal was 
extracted from the rose-coloured 
schist veining the quartz and 
specimens of free gold appeared, 
^e next march showed the Um 
el Kharab ("Mother of Desola- 
tion "), in which an extensive vein 
had been worked, and pillars of 
quartz left standing between roof 
and floor. Travelling through a 
land once rich and prosperous as 
mining could make it, now the 
very picture of dreary desolation, 
the travellers reached the plain El 
Beda (Bedais of Ptolemy). Here 
the hills of red porphyry were 
covered with religious inscriptions 
in the Cufic and modem Arab 
characters; nothing Nabathean 
occurred. On April 8, after tra- 
versing another quartz countrv, 
the expedition reached their Ul- 
tima Thule, the Wady Hamz, the 
great gap worked by water in the 
maritime mountain chain which 
forms the highway for pilgrims 
returning from Medina, and con« 
stitutesthe frontier between Egypt 
and the Hedjaz, which belongs to 
Turkey. Here a pleasant surprise 
awaited the party. On the south- 
em brink of this wild water 
course was the site of a beautiful 
little temple, built of white and 
variegated alabaster, dug from 
neighbouring quarries. The foun- 
dations alone were left, and a few 
years ago the place was a tumulus 
into which the Arabs dug for 
treasure. The Wady had washed 
away the northern wall, and the 
adjacent bed was strewn with frag- 
ments of columns, bases, and 
capitals, all of alabaster and cut 
in the simplest and purest style of 
Greek art. Can this be a yestige 



of that ill-fated expedition in 
which ^lius Qallus was foiled by 
the traitor NabathsBsus P 

This closed the expedition. The 
party returned to Saez, and ar- 
rived in Cairo the 21st of April. 
They ];eceived a most courteous 
welcome from his Highness the 
Khedive. So ends the story. After 
all allowances made for the travel- 
ler's love of the scene of his 
labours, it must be admitted that 
the Land of Midian is a wonder- 
ful place. As one hears of the 
mines that are spread over the 
country, with their shafts and 
their tunnels, their furnaces and 
their barrages, the towns of work- 
men, and uie cities of mine own- 
ers, one begins to understand why 
"all King Solomon's drinking 
vessels were of gold, none were 
of silver, it was nothing accounted 
of in the days of Solomon." — 
Times. 

More about the Land of Midian. 

— Captain Burton read a paper 
on Midian at the Dublin Meeting 
of the British Association. AU 
who read their Bible, he remarked, 
are familiar with such phrases as 
"vexing the Midianites" and 
"Midianitish women," but they 
did not know how hazy on the 
subject of this grand old land the 
public of England was before the 
spring of 1877. About 1249 B.C. 
the Midianites regained their for- 
mer power ; but after the crushing 
blow they subsequently sustained, 
they fade out of Holy Writ, and 
their land becomes almost un- 
known. Josephus's mappers re- 
cognized two Midians, whereas 
there has never been more than 
one. Yoltaire, the noble French- 
man who created reli^ous liberty 
in France, made a mistake about 
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Midian, placing it on the eastern' 
half of the Dead Sea, and con- 
sidering it a little canton of 
IdnmsBa, about eight leagues long. 
Captain Barton described the 
exact limits of the country, and 
then proceeded to narrate his ex- 
peditions and discoveries. Both 
expeditions which he had the 
honour to lead were sent out by 
the Elhedive of Egypt, a prince 
to whom the future will be more 
just than the present isj and to 
whom we are indebted for our 
present knowledge of a neglected 
and most mythical country. In 
1877 the Khedive placed under 
his command the first expedition. 
This preliminary visit lasted little 
more than a fortnight, but it 
grave him a fair general view of the 
country, and he brought back spe- 
cimens of most of the metals men- 
tioned in the Book of Numbers. 
About the beginning of 1878, he 
returned to Cairo, and organized 
a second expedition on a larger 
scale. They first explored North- 
ern Midian and discovered a 
number of catacombs and many 
inscriptions Very deeply cut, but 
not easy to decipher. One cutting 
he found was like St. George and 
the Dragon, but St. George was 
without his horse. Photographs 
of the catacombs and inscriptions 
were exhibited by Captain Burton. 
On the Gulf of Akabah the ex- 
pedition was nearly wrecked, the 
wretched boiler of their steamer 
having struck work, and they 
were only saved by the exertions 
of their Scotch engineer, David 
Dougall, who managed to start 
the engine again when they were 
drifting rapidly on to a reef of 
sharp rocks and were just 50 
jards off. But after this the 



Khedive was good enough to 
supply them with a better ship. 
Their explorations in the interi(Nr 
were at one place interrupted by 
the hostility of the tribes, who 
would not permit the expedition 
to enter their territory without 
paying a fine equal to £100 each 
per diem « On the 25th of Febru- 
ary therefore, they were obliged 
to retrace their footsteps. 

Proceeding in another direction, 
they found old smelting furnaces 
and caves, which might have been 
catacombs, and a great aqueduct. 
They were astonished by traces of 
immense labour, which yielded 
not a single Une of inscription, 
nor even a mason's mark, to de- 
termine the race of the labourers. 
He was able to identify some of 
the places with those mentioned 
by Ptolemy. Turquoise was a 
favourite gem among the Bedouins, 
and judging from a large one he 
had seen inserted in the stock of 
a matchlock, which had probably 
been there for 50 years, it was not 
liable to change colour. 

The exploration of South Mi- 
dian was the most interesting. 
Photographs were taken of old 
mining works, and in some of the 
minerals they found silver visible 
to the naked eye. Pathetic in- 
deed is the view of the desolation 
of Midian. Once the Arabia 
Felix of the ancients, it has now 
become Arabia Petrsea, Arabia 
Deserta. Under Boman rule it 
contained 20,000,000 of souls. 
Now the population was reduced 
to 2,000,000, but the Anglo-Tur- 
kish Convention puts England 
nearly in the same position as 
that occupied by Rome after the 
days of Augustus. He had full 
and perfect faith that Midian, lDc« 
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many other proyinces, would pre- 
sently awake from her trance — 
from her sleep of ages. Midian 
contained a miniiig Ifeg^on 300 
miles in length, and of et|aal 
depth, and he had bnt little doubt 
that what the ancients worked so 
well we modems could work better 
still ; so that Midian might 
look forward to the development 
of her mineral wealth under the 
fostering care of European and 
especially of English companies, 
and the howling wilderness be- 
come turned into a rich and 
fruitful land. 

Opening of the East AMtan 
Lake District.'^A papet on the 
opening up of the East African 
Lake District was read at the 
Dublin meeting of the British 
Association, by Mr. J. Stevenson. 
He stated that the object most 
prominently in tiew in founding 
settlements in the interior of 
Eastern Central Africa was the 
Christian civilization of the na<^ 
tives. The Nyassa region had the 
advantage of being accessible by 
the only considerable rivers of 
Eastern Africa, and the attempts 
of Livingstone to place steam ves- 
sels on these rivers had shown 
there was no insuperable obsta- 
cles in the way. On the other 
hand the policy which had hither- 
to characterised the Government 
of tiie Portuguese colonies, ren- 
dered it very doubtful whether 
any advantage could be derived 
^m the existence of these rivers 
in opening up the country. Trust- 
ing that the Portugese would see 
that the opening up of the country 
would be of real advantage, we 
decided to place our settlement 
behind their provinces. The im- 
mediate results were discouraging, 



for a hostile tariff was issued, and 
the exclusive rif;ht of steam navi- 
gation on the nvers Zambesi and 
Shire was offered to a Portuguese 
subject $ the concession being for 
30 years. The feeling which dic- 
tated this exclusiveness seems to 
have gradually passed away. 

The slave tnide under treaty ob- 
ligations terminated in 1877, and 
domestic slavery was abolished 
two years before^ The feeling 
was that the honour of the 
country should not be responsible 
for what happened in regions 
where it had no real control. The 
plx>posal of our Minister at Lisbon 
— that a vessel should be placed 
upon the station — met the appro- 
val of the Portuguese authorities, 
and the vessel was sent out to 
Quilimane, under the charge of 
Messrs. Moir, of Edinburgh, who 
were to conduct navigation and 
trade for an independent com- 
pany that has recently been formed 
m Glasgow, called the ** Living- 
stonia Central African Company 
(Limited)." The object in view is 
rather co-operation m the civiliza- 
tion of the country than money- 
making. 

The navigation between the 
River Zambesi and Lake Nyassa 
is interrupted by rapids extending 
60 miles along the Shire from the 
upper end of the rapids. The 
steamer Ilala takes the traffic on 
to Livingstonia. The tribes to 
which a future is thus opened 
belong to the Caffre and not to the 
Negro family of race. Towards 
the middle of the lake, on the 
west side, the old inhabitants 
have greatly felt the pressure of 
the Mavitti,or Mazitu. These were 
originally an army of warriors of 
pure Zulu race, who issued from 
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Moselekatse's oonntrj 50 years 
ago. They kill the men of the 
tnbes they conquer, and take the 
women and children for them- 
selves. While retaining the Znln 
language and their weapons — the 
shield of bull's hide and spear — 
they are much mixed, and have 
not the desperate courage of the 
pnre ^aln stock. 

The settlement of Livingstonia 
was planted among the races who 
are still nnder Arab influence at 
the south end of the lake. During 
1877 a detachment of the Living- 
stonia staff assisted in founding 
the new settlement, called Blan- 
tvre, at the request of the head of 
the Scottish Established Church 
Mission. Last year Pr. Stewart, 
of Lovedale, and Dr. Laws, of 
Livingstonia, commenced inter- 
course with the natives of this 
northern region, especially at the 
embouchure of the Kambwee and 
of the Bombashi. The excitement 
at the first appearance of white 
men, dropping so suddenly upon 
them, was very great. Following 
Livingstone's plan, they thought 
it better to pave the way for 
future visits than push on while 
the people were in this state. 

With the co-operation of the 
natives a good route might be 
established through the valley 
which leads to it, and by a third 
steamer placed upon the lake 
easy communication might be 
opened up to a distance of 2,000 
miles from the coast, and a near 
approach made to the centre of 
the habitable regions of Africa. 
It is stated that on the other side 
of the lake a gorge or pass, 
apparently separating the Liv- 
ingstone and Knode Mountains, 
stretcheB in a south-easterly 



direction, which may prove the 
most convenient line for reaching 
the coast about Kilwa or Lindy. 
It is also stated that thereabouts 
the country is inhabited by the 
Gkingvarar, a warlike race, who 
are said to be workers in iron. 

For some time they had been 
favoured with the presence of 
Captain Elton, Her Majesty's 
Consul at Mozambique, and find- 
ing that he was desirous of 
making an overland journey from 
the head of the lake, they gave 
him, with some fnends and 
natives, about 200 in all, a free 
passage by the steamer, and 
landed them at the Bombashi, 
the nearest point to Merces. They 
heard no more of them till natives 
who had accompanied them re- 
turned to Livingstonia. Mr. 
Stewart, O.E., then writes as 
follows: — ''Pangasina, and one 
of Cottenll's men have returned. 
Our worst fears of Elton's expedi- 
tion have been realized. Captain 
Elton himself has fallen a victim. 
The narrative we have from Pan- 
gasina shows them to have had 
a terrible journey. Five days' 
march from where they left you 
they were in difficulties. Captain 
E., Mr. C, and Mr. Downie went 
forward to provide, carriers, and 
at the village they went to they 
were attacked by Marvin. The 
attack was intended for a village 
belongmg to a chief named Meree, 
and not directly on the English. 
In the circumstances Elton was 
forced to fight. The attack lasted 
four days. You may imagine the 
slaughter three excellent shots 
with breechloaders would accom- 
plish in that time — somewhere 
between 40 and 100 I should 
estimate, from the account. On 
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the fonrtli day Elton shot tlie 
attacking chief* and the as- 
sailants retired." As we have 
learned, the party were in diffi- 
culties about their carriers the 
very first day after they started. 
Most of them deserted with five 
days' pay, and the head men were 
pnt in confinement to prevent the 
others leaving. On the second 
and third day the natives, in 
reprisal, attempted to inveigle 
some of the steamer's people, and 
on the fourth became so hostile 
that the steamer left for Kambwe, 
no harm being done. But the 
fight with the Mavitti, if Mavitti 
they were, may be a serious 
matter, for according to Stanley 
they have spread themselves over 
the country nearly to Lake 
Victoria, to the country where 
the Church and London Mis-^ 
sionary Societies have, or are 
about to have stations, and they 
extend all along bv Tanganyika 
and the west side of Nyassa. Mr. 
Stevenson thought that such 
plunges among wild and unknown 
tribes should not be made. The 
population of Great Britain had 
supplied nearly £50,000 through 
the above-named societies and the 
Scottish Churches, in order to in- 
troduce Christian civilization into 
the region of the lakes, which is 
as large as India. The difficul- 
ties were very great, but there was 
reasonable prospect of success. 

AMcan Exploration by Mr. 
Stanley. — Mr. Henry M. Stanley ' 
delivered an address on the subject j 
of his recent achievements in| 
Africa, at a special meeting of the 
Bioyal Geographical Society, on 
the evening of the 7th Feb., 1878. 
He said that Zanzibar as they 
all knew, was his starting point. 



On arriving there he sent his 
emissaries through the streets of 
the town to hunt up followers, and 
it was soon known that the '' open- 
handed white man," as he was 
called, was again on the island. 
Fifty or 60 men soon came to him 
and asked what he proposed to 
do. He said he meant to cross the 
continent, though he should iiave 
to cross mountains and lakes, 
to make his way through wastes 
and forests, and have to face 
strange and savage tribes and 
races and nations. They said it 
would take years to do so— that 
they could never hope to see their 
families or native land a^ain ; but 
when he reasoned with tnem, they 
asked him how much he would 
give them. He said he would give 
them three dollars a month, and 
from 150 to 200 eventually signed 
articles for that sum. After a 
time, however, they returned and 
demanded five dollars a month, 
saying that the last explorer had 
given that sum, and he was obliged 
to comply. 

Well, the day of starting at 
length came, and they landed on 
the East Coast of Africa, which 
had been so thoroughly described 
bv Livingstoue, Grant, Speke, 
Cameron, himself, and others, that 
he need not say more about it or 
of his route until he broke off from 
his former track and headed for 
Lake Victoria. Before reaching 
the lake, he made the acquaintance 
of a tall, swarthy prince, whose 
perfectly natural manner and 
friendly tone were such as to win 
their way to the heart. He had 
then, he said, for the first time 
seen a white man. From the 
district governed by that prince 
he made nis way to uie country of 



58 



THE YEAR-BOOK OP FACTS. 



the Masaai, who, it was said, de- 
lighted in the drinking of bloods 
They were a warlike people, and 
from what he saw of them he ciould 
say that if any one wished to be 
murdered there was no people on 
the earth who would be more 
likely to gratify that desire than 
those he spoke of. The people of 
Soona were equally sayage and 
more suspicious. He endeavoured 
to conciliate them by making them 
presents of old tin pots and ex- 
hausted sardine boxes ; but, find- 
ing that, notwithstanding this, 
one of his men was killed and 
another badly wounded, he thought 
it wise to move on, but could only 
do so successfully after three days' 
skirmishing. 

Soon afterwards he reached the 
region over which M'tesa ruled — 
Nganda. In him he found a good 
and kind man, and before he left 
M'tesa not only observed the 
Islam, but also the Christian 
Sabbath, and he also had the 
Ten Commandments, the Lord's 
Prayer, and the Golden Com- 
mandment of our Saviour, **Thou 
shalt love thy neighbour as thy- 
self," cut upon wood that he mignt 
contemplate them daily. Here he 
found a great harvest for the sic- 
kle of civilization and Christianity. 
The missionary that was required 
must be a practical man. He 
should, of course, be a teacher of 
Christianity ; but to be truly suc- 
cessful he must be able also tc) give 
instruction in the construction of 
dwellings, in the cure of diseases, 
in agriculture, and be something 
too of a sailor. Such was the man 
that was wanted for the work ; a 
band of such men would be the 
salvation of Africa. But, again^ 
he mu&i be tied to no Church or 



sect, he mnst love Gk)d and his 
Son, and teach the moral laws, 
and be in charity with all men, 
belonging to no nation in particu- 
lar, but to the entire white race, 
exhibiting practically the interest 
taken by them in uie welfare of 
the black. 

It had been said that the Afri- 
can was unimprovable and irre- 
deemable ; but that he wholly and 
utterly denied. Well, having 
reached Lake Victoria, and going 
to theAlberti h^ became acquaint 
ed with another ruler named Bu- 
minika, who was also a natural 
bom gentleman. He found it, 
however, a more difficult thing to 
make a Christian of him than of 
M'tesa, but a very pleasant month 
he spent in the district of that 
Prince. They next came to Ujiji, 
which had been spoken of as the 
watering-place of explorers. He 
could not, however, enjoy it long, 
as he had to follow np the work 
his predecessors had left undone. 

The lecturer then proceeded to 
speak of the river Lualaba, which 
Livingstone had mistaken for the 
Nile, and of his successful voyage 
— one which was beset with all but 
insurmountable difficulties — down 
the CongOi To reach it they had 
to make their way day after day 
through dense forests. The stories 
as to the ferocity of the natives of 
the towns and villages on the 
banks of the river terrified his men, 
and more than once he feared he 
would find himself deserted, and 
that the work he had set himself 
to do would remain unaccom- 
plished. At length, however, 
the voyage was commenced. To 
pass tide first falls they had to 
work night and day for 26 
days, during which they cut 13 
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miles of road throngli forest, along 
which they carried their canoes. 
They were sabject to Constant at- 
tacks from natives. On one 
occasion no fewer than 63 war 
canoes came against them — the 
leading canoe being driven by 80 
paddles — and each was filled with 
armed savages. He told his men 
that if they desired to see home 
again they mnst resist to the last, 
as they could hope for no mercy ; 
bnt he ordered them not to fire 
till they were assailed, as they 
mnst first see what the natives 
came for. The order was strictly 
obeyed. It was not till poisoned 
arrows were shot at them and 
spears finng that they fired, and 
then the rattle of 52 mnskets was 
heard in a country in which never 
musket had been fired before. He 
had doue all he could to avoid 
fighting and only acted in self de- 
fence ; for his strong desire was to 
be and to remain on good and 
friendly terms with the various 
tribes he met with. Day after day, 



however, they were attacked, and 
had, in consequence, to suffer 
great privations. They were 
reduced to great extremities — 
almost to starvation — when hap- 
pily they approached Boma. To 
that town he sent four men with 
a letter directed to any English 
resident, stating that 115 souls 
were in a fearjful condition from 
want of food. Happily, the only 
agent from an English house in 
Boma got the letter, and he and 
the other merchants of the town 
sent them large supplies of bis- 
cuits and bread, and fish and mm, 
and tobacco. It was the relief of 
Lucknow over again. Thus was 
the work completed which he had 
set before him. In due time they 
reached the Cape, where one of 
Her Majesty's ships was placed at 
his service. He conducted his men 
back to Zanzibar, and as they 
touched the strand of their island 
they kissed the sand, and uttered 
the words, " La Allah il Allah ! " 
(" rhanks be to God "). 
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Earth-Temperatures and their 
Increase with Depth— Theboring 

of the St. Gotthardt Tannel has 
yielded some very valuable results 
on earth-temperature, which have 
been laid before the Swiss Natur- 
forschende Versammlung by Herr 
Stapffi and are discussed by Dr. 
Hann in the Austrian Journal for 
January 15, 1878. If the observa- 
tions be considered with reference 
to their vertical depth, we have a 
mean rise of 1® 0. for 46 metres ; 
but this varies very seriously in 
different parts. Thus, under An- 
dermatt we find a rise of 1® 0. for 
21'8 metres. This would give a 
temperature of 77® 0. for the 
centre of the tunnel. This excep- 
tional result Herr Stapff attributes 
to the state of decomposition of 
the rock at the place, which is a 
granite turning into kaolin. Dr. 
Hann discusses these observations 
with great care, and points out 
the difference between these re- 
sults and those of the bore-hole 
of Sperenberg, which are generally 
thought the most accurate in ex- 
istence, and give as res alt 1® C. 
for 33*7 metres. The paper con- 
cludes with a serious warning to 
physical geographers to the effect 
that there seems little prospect of 
learning anything of the true 
rate of internal increment of heat 
by tbese observations. We have 
only attained a depth of 1,269 
metres, or about nshov of the earth's 
diameter. If we were to attempt 
to determme in the same way the 



law of diminution of temperature 
with height in the atmosphere, a 
similar proportion to the height 
of the atmosphere (60 miles) would 
be 22*16 metres, the height of an 
ordinary house. Hence our deepest 
bore-holes are mere scratches, and 
we really know nothing certain 
on the subject. 

The Geology of the Polar Re- 
gions. — ^At a meeting of the Greo- 
logical Society, in the spring of 
1878, a paper was communicated 
by Captain H. W. Feilden, R.A., 
F.G.S., and Mr. De Ranc^, Her 
Majesty's Geological Survey, on 
the geological results of the Tolar 
Expedition under Admiral Sir 
G. Nares, F.R.S. The authors 
describe the Laurentian gneiss 
that occupies so large a tract in 
Canada as extending into the 
Polar area, and alike underlying 
the older Palaeozoic rocks of the 
Parry Archipelago, the cretaceous 
and Tertiary plant-bearing beds 
of Disco Island, and the oolites 
and lias of East Greenland and 
Spitzbergen. Newer than the 
Laurentian, but older than the 
fossiliferous rocks of Upper Silu- 
rian age, are the Cape Rawson 
beds, forming the coast line be- 
tween Scoresby Bay and Cape 
Cresswell, in lat. 82« 40'; these 
strata are unfossiliferous slates 
and grit dipping at very high 
angles. From the fact that Sir 
John Richardson found these an- 
cient rooks in the Hudson Bay 
territory to be directly overlaid 
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bj limestones, contaming corals 
of the Upper Silurian Niagara 
and Onondaga group, Sir Eode^- 
rick Murchison inferred that the 
Polar area was dry land during 
the whole of the interval of time 
occupied by the deposition of 
strata elsewhere between the Lau- 
rentian and the Upper Silurian ; 
and the examinations by Mr. 
Slater, Dr. Haughton, and others 
of the specimens brought from 
the Parry Islands have hitherto 
been considered to support this 
view. The specimens of rocks 
and fossils, more than 2,000 in 
number, brought by the late ex- 
pedition from Grinnel and Hall 
Lands, have made known to us, 
vrith an absolute degree of cer- 
tainty, the occurrence of Lower 
Silurian species in rocks under- 
lying the Upper Silurian, and as 
several of these lower Silurian 
forms have been noted from the 
Arctic Archipelago, there can be 
litUe doubt tnat the Lower Silu- 
rians are there present also. The 
extensive areas of dolomite of a 
creamy colour discovered by 
M'Glintock around the mapietic 
pole, on the western side of Boo- 
thia, in King William's Island, 
and in Prince of Wales* Land, 
abounding in fossils, described by 
Dr. Haughton, probably represent 
the whole of the Silurian era and 
possibly a portion of the Devo- 
xiian. 

The bases of the Silurians are 
seen in North Somerset, and 
consist of finely - stratified red 
sandstone and slate, resting di- 
rectly on the Laurentian gneiss, 
resembling that found at Cape 
Bunny and the cliffs between 
Whale and Wolstenholme Sounds. 
Above these sandstones occur fer- 



ruginous limestones with quartz 
grains, and still higher in the 
series the cream-coloured lime- 
stones come in. The Silurians 
occupy Prince Albert Land, the 
central and western portion of 
North Devon, and the whole of 
Gomwallis Island. The carboni- 
ferous limestone was discovered 
rising to a height of 2,000 ft. on 
the extreme north coast of Grinnel 
Land, in Fielden and Parry 
Peninsulas, and contains many 
species of fossils in common with 
tne rocks of the same age in 
Spitzbergen and the Parry Archi- 
pelago, being probably continu- 
ously connected with the lime- 
stone of that area, by way of the 
United States range of mountains. 
The coal^bearing beds that under- 
lie the carboniferous limestones 
of Melville Island are absent in 
Grinnel Land, but they are repre- 
sented by true marine Devonians, 
established in the Polar area for 
the first time, through the deter- 
mination of the fossils by Mr. 
Etheridge. In America a vast 
area is covered by cretaceous 
rocks. The lowest division, the 
Dakota group, contains lignite 
seams and numerous plant re- 
mains indicating a temperate 
flora; overlying the cretaceous 
series are various Tertiary beds, 
each characterised by a special 
flora, the oldest containing sub- 
tropical and tropical forms, as 
various palms of Eocene type. 
In the overlying Miocene beds 
the character of the plants indi- 
cates a more temperate climate, 
and many of the species occur in 
the Miocene beds of Disco Island, 
in West Greenland, and a few of 
them in beds associated with the 
30 ft. coal seam discovered at 
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Lady Franklin Sonnd by the late 
expedition. The warmer Eocene 
flora is entirely absent in the 
Arctic area, bnt the Dakota beds 
are represented by the "Atane 
strata" of West Greenland, in 
which the leaves of dicotyledonons 
plants first appear. Beneath it, 
in Greenland, is an older series of 
cretaceous plant - bearing beds, 
indicating a somewhat warmer 
climate, resembling that expe- 
rienced in Egypt and the Canary 
Islands at the present time. In 
the later Miocene beds of Green- 
land, Spitzbergen, and the newly 
discovered beds of Ladv Franklin 
Sonnd, the plants belong to 
climatal conditions 30** warmer 
than at present, the most northern 
localities marking the coldest con- 
ditions. The common fir (Pinus 
abies) was discovered in the Grin- 
nel Land Miocene, as well as the 
birch, poplar, and other trees, 
which doubtless extended across 
the polar area to Spitzbergen, 
where they also occur. 

At the present time the coasts 
of Grinnel Land and Greenland 
are steadily rising from the sea, 
beds of glacio marine, with shells 
of the same species as are now 
living in Kennedy Channel, ex- 
tending up the hillsides and 
valley slopes to a height of 1,000 
ft., and reaching a thickness of 
200 ft. to 300 fb. These deposits, 
which have much in common with 
the "boulder clays" of English 
geologists, are formed by the 
deposition of mud and sand car- 
ried down by summer torrents, 
and discharged into fiords and 
arms of the sea, covered with 
stone and gravel laden floes, which, 
xnelted by the heated and turbid 
waters, precipitate their freight 



on the mud below. As the land 
steadily rises these mud beds are 
elevated above the sea. The coast 
is fringed with the ice foot, form* 
ing a flat terrace 50 to 100 yards 
in breadth, stretching from the 
base of the cliffs to the sea margin. 
This wall of ice is not made up 
of frozen sea water, but of the 
accumulated autumn snowfall, 
which, drifting to the beach, is 
converted into ice where it meets 
the sea water, which splashes 
over it. 

Eraptions and Earthquakes in 
the Year 1877.— Five eruptions 
of different volcanoes occurred 
during the year. The eruption of 
the South American volcano, Co- 
topaxi, lasting from 25th to 281^ 
June, had a regular, and (for this 
volcano)very characteristic course. 
From the phenomena it is to be 
designated as an ashes and mud 
eruption. Though the opinion of 
Humboldt, that the South Ame- 
rican volcanoes produce no lava, 
has long been shown to be erro- 
neous, and Cotopaxi first gave a 
large stream of the substance in 
1853, there are still large quanti- 
ties of ashes thrown out by this 
volcano without lava. Mud streams 
are frequently associated there- 
with, and are due to various causes. 
They wrought great devastation, 
especially in the valleys of Ohila 
and Tumbaco, and in the former 
several hundred men perished; 
the ashes spreading in the air 
changed the day into dense night, 
and even penetrated into the in- 
terior of closed rooms. 

A most remarkable eruption of 
1877 took place on the island of 
Hawaii Twice interrupted, it 
found a path for itself in three 
different places— thereby showing 
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that one and the same sonrce of 
eruption may, according to the 
time and circumstances, use any 
of the numerous channels present 
in Hawaii for outburst. The first 
portion of the eruption appeared 
for six hours on the 14th of Febr 
ruary in a small secondary crater, 
near the top of the Mauna I^oa, 
and was distinguished by the 
magnificent pine-like form of the 
column of smoke, which was esr 
timated to rise 6,000 metres. On 
tiie 24th of Februaiy the second 
act occurred in the bay of Kalu- 
keakua, known as the scene of the 
murder of Captain Oook, There 
was also a submarine eruption 
lasting two days, in the middle of 
this bay, which is surrounded by 
pre-historic volcanic products. On 
the 4th of May, the eruption 
again found its ordinary outcome 
through the long solidified lake of 
lava of the Kilauea. Then ap- 
peared once more the grand spec- 
tacle of lofty fountains of lava, 
which has only been witnessed in 
this giant crater. In the space 
of six hours, fountains of lava 
sprang up, now here, now there, 
out of the large caldron, and so 
numerous were they that at one 
time more than fifty were observed 
in action at once, some of them 
being as high as 30 metres. 

The third eruption was that of 
the small Japanese island volcano, 
Goshima, from 4th January to 
6th or 7th February. Violent 
noises and dreadful earthquakes 
accompanied, especially the large 
eruption phenomena on the 20th 
January and 4th and 5th Feb- 
ruary. 

On the 11th of June an out- 
burst occurred in a hitherto almost 
unknown volcanic region in Co- 



lorado, South California, about 60 
English miles from Fort Yuma. 
As little known is the submarine 
eruption which took place on the 
15th of June on the coast of 
Peru. 

The number of earthquakes in 
1877, of which M. Fuchs had in- 
formation, was 109 ; this is just 
about the average number ob- 
tained from his observations, ex- 
tending over thirteen years. They 
are distributed as follows over the 
seasons : — Winter (Dec, Jan., 
Feb.), 33 earthquakes ; Spring 
(March, April, May), 31 earth- 
quakes ; Summer (June, July, 
Aug.), 11 earthquakes ; Autumn 
( Sept.,Oct.,Nov.), 34 earthquakes. 
On 15 days several earthquakes 
occurred in difierent places. 

Certain regions, such as Peru, 
Bolivia, Tokio in Japan, and the 
island Ooshima, were visited by 
earthquake-periods, consisting of 
a large number of shocks and 
concussions, now weaker, now 
stronger, while other places were 
repeatedly visited by earthquakes 
which were separated by long 
periods of rests. Among the 
latter may be specified the follow- 
incr : — Western Odenwald, 2nd 
and 10th Jan.; Judenburg, 4th 
Jan., 27th and 28th Dec. ; Forest 
in Steiermark, 12th Jan., 5th 
Sept. ; Battenberg in Tyrol, 8th 
April, 11th Oct. ; Bad Fiiffer in 
Steiermark, 4th, 7th, 24th and 
25th April, 12th Sept. ; Callao, 
22nd April, 14th May, 9th Oct.; 
West Switzerland, 2nd May, 8th 
Oct., 30th Nov. ; Lisbon, 1st and 
4th Nov., 22nd Deo. 

The earthquakes in Switzerland 
had a remarkable extent ; the 
first of them, on 2nd May, appears 
to have passed outwards from tiie 
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lake of Zuricli, and to have 
readied eastwards beyond Glams 
and St. Gallen, westwards as far 
as Miihlhaasen in Alsace, north- 
wards into the Black Forest. 
More violent, and still more ex- 
tensive was the earthquake on 
8th Oct., which was strongest in 
Geneva (so that e.g. chimneys 
were thrown down), and which 
passed from this over the cantons 
of Geneva, Waadt, Wallis, Neuf- 
chatel, Fribarg, Beme> and Ba- 
selland. 

Beyond Switzerland it was 
traced in the French departments 
of Drome, Is^re, Rhone, Savoie, 
Ain, Jura, Donbs, and in the Bel- 
fort districtias also at Mnhlhansen 
in Alsace* The extension west- 
wards was thus mnch farther than 
eastwards, where the Alps seem 
to have arrested it, for only the 
flat and hilly canton districts were 
affected by it, and the movement 

Senetrated onl^ in the broad 
uhone valley into the Alpine 
region proper, as far as Sitten. 
Tms is the more remarkable, be- 
cause the Jura range offered no 
obstacle to the extension west- 
wards. The greatest width of the 
strip of land affected between 
Lyons and Sitten was about 200 
kilometres^ the greatest longitu- 
dinal extension from Yalence to 
Mdhlhausen 337 kilometres. To 
the extensive earthquake regions of 
lands which have few earthquakes 
belongs the shock of 4th April, in 
the eastern Alps, which reached 
from lower Steiermark to the 
lower part of the Save. 

The most violent earthquake of 

the period occurred on the 9th 

May, on the west coast of South 

America. Both in its course, and 

is the aecompanjing phenomena, 



it had a remarkable similarity to 
the great earthquake of 30th 
Aug., 1868, in the same region. 
The centre of the concussion lay 
in the desert of Alkama, where 
the small harbour towns of Gobija, 
Autofagarta,Tocapilla,and others, 
were almost entirely destroyed. 
The movement was propagated 
thence over the greater part of 
Bolivia* The concussion of the 
ground was followed by a motion 
of the sea, a so-called earthquake- 
wave, which wrought great devas- 
tation alon^ the coast of South 
America. Li Chanavaya the sea 
drew back at first — ^in all other 
places, the high wave (in some 
cases reaching 20 metres) seems 
to have been first observed. This 
hill of water rushed over the flat 
coasts, and left frightfal ruin in 
its track. In I(][Dique 600 men 
perished by the inundation. In 
Chanavaya the majority of the 
inhabitants saved themselves by 
flight to the higher points, but 
even there, through the dash of 
the water to the ridge of the hiU, 
many lost their lives. The ships 
in the different harbours were 
partly driven against each other, 
and shattered or torn away from 
their anchorage, and hurled by the 
wave on to uie sand. At Arica 
lay, far inland, half-buried in sand, 
the North American steamer, 
Wateron, which had been carried 
thither by the earthquake wave of 
1868; the wave of 9th May, 1877, 
lifted her again, and carried her 
2i kilometres further. Gobija, 
Mejillones,Tocai)illa, Sampoca (70 
miles from Iquique), and Arica 
are almost entirely destroyed. 
Huaxillos, Iquique, MoUanda, and 
the Chilian harbours of Chero and 
Carrizol suffered much. The ac- 
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iion of this flood extended from 
12*» to 32° south latitude. 

The earthquake-wave was pro- 
parted over the ocean, and es- 
pecially affected the Sandwich 
Islands, where the town and bay 
of Hilo, on the west coast of 
Hawaii, were most devastated. 
At first the sea drew back, and 
then, about an hour later, rushed 
far inland, as a steep hill of water, 
5 m. high. The wreck of the 
destroyed village of "Waiakea, the 
magazine and harbour of Hawaii, 
is still to be observed. 

Geological Questions of Recent 

Date. — In opening the proceedings 
of the Greological Section of the 
British Association, the president, 
Dr. John Evans, delivered an 
interesting address. After a few 
general observations with regard 
to the geology of Ireland, he 
proceeded to touch briefly on some 
of those questions which during 
the preceding twelve months had 
occupied the attention of those 
engaged in geological inquiry. 
The first of those questions was 
the date which is said to be 
assigned to the implement-bearing 
beds of the palaaolithic age in Eng- 
land. "Dr. James Geikie," said 
Dr. Evans, " has held that for the 
most part they belong to an inter- 
glacial episode towards the close 
of the glacial period, and regards 
it as certain that no palaeolithic 
bed can be shown to belong to a 
more recent date than the mild 
era that preceded the last great 
submergence. 

" His follower, Mr. Skertchley, 
records the finding of palaBolithic 
implements in no less than three 
interglacial beds, each underlying 
boulder clays of different ages 
and somewhat different characters. 



the Hessle, the purple, and the 
chalky boulder clay. This raises 
two main questions, first, as to 
how far Dr. Oroll*s theory of the 
great alternations of climate 
during the glacial period can be 
safely maintEiined ; and secondly, 
how far the observations as to the 
discovery of implements in the 
so-callea Brandon beds underlying 
the chalky boulder clay can be 
substantiated. Another question 
is how far the pa1a)olithic deposits 
can be divided into those of 
modern and ancient valleys, 
separated from each other by the 
purple boulder clay, and the later 
of tiie two older than the Hessle 
beds. It would be out of place 
here to discuss these questions at 
length. I will only observe, that 
in a considerable number of cases 
the gravels containing the imple- 
ments can be distinctly shown to 
be of much later date than the 
chalky boulder clay, and that if 
the implements occur in succeFsi ^e 
beds m the same district, ea^h 
separated from the other by an 
enormous lapse of time, during 
which the whole country was 
buried beneath incredibly large 
masses of invading ice, and the 
whole mammalian fauna was driv- 
en away, it is a very remarkable 
circumstance. It is not the less 
remarkable because this sucession 
of different palaeolithic ages seems 
to be observable in one small 
district only, and there is as close 
a resemblance between the instru- 
ments of the presumably difierent 
ages as there is between those of 
admittedly the same date. I have 
always maintained the probability 
of evidence being found of man 
at an earlier period than that of 
the post-glacial or quaternary 
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river gravels, bnt, as in all other 
casep, it appears to me desirable 
that the evidence brought forward 
should be thoroughly sifted and 
all probabilitv of misapprehension 
removed berore it is finally ac- 
cepted. ' In the present state of 
our knowledge 1 do not feel 
confident that the evidence as 
to these three successive palaeo- 
lithic deposits has arrived at this 
satisfactory sta^e. At the same 
time it must be borne in mind 
that if we make the palsBolithic 
period to embrace not only the 
river gravels but the cave deposits 
of which the south of France 
furnishes such typical examples, 
its duration must have been of 
vast extent. 

"In connection with the question 
of glacial and interglacial periods, 
I may mention that of climatal 
changes in general, which has 
formed another subject to which 
much attention has of late been 
riven. The return of the Arctic 
Expedition, and the reports of the 
geological observations made dur- 
ing ito progress, which have been 
published by Captain Feilden, 
one of the naturalists to the 
expedition, in conjunction with 
Mr. de Eance and^ Prof. Heer, 
have conferred additional interest 
on the question of possible changes 
in the position of the poles of the 
earth, and on kindred speculations. 
Near Discovery Harbour, about 
latitude 81^ w, miocene beds 
were found containincf a flora 
somewhat differing ^m that 
which was already known to 
exist within the Arctic regions. 
* The Grinnell Land lignite,' 
say the authors of the report, 
' indicates a thick peat moss, with 
probably a frmall lake, with water 



lilies on the surface of the water 
and reeds on the edges, with 
birches, poplars, and taxodiums 
on the banks, and with pines, firs, 
spruce, elms, and hazle bushes on 
the neighbouring hills. When we 
consider that all the genera here 
represented have their present 
limits at least from twelve to 
fifteen degrees further south, 
while the taxodium is now con- 
fined to Mexico and the south of 
the United States, such a sylvan 
landscape as that described seems 
entirely out of place in a district 
within six hundred miles of the 
pole, to which indeed, if land exten- 
ded so far, these Arctic forests 
must havealso extended in miocene 
times.' Making all allowance for 
the possibility of the habits of 
such plants being so changed that 
they could subsist without sun- 
light during six months of a 
wmter of even longer dura- 
tion, I cannot see how so high 
a temperature as that which 
appears necessary, especially for 
the evergreen varieties, could 
have been maintained, assuming 
that Grinnell Land was then as 
close to the North Pole as it is at 
the present day. Nor is this 
difiSlculty decreased when we look 
back to formations earlier than 
the miocene, for the flora of the 
secondary and palaeozoic rocks of 
the Arctic regions is identical in 
character with that of the same 
rocks when occurring twenty or 
thirty degrees farther south^ while 
corals, encrinites, and cephalopods 
of the carboniferous limestone are 
such as, from all analogy, might 
be supposed to indicate a warm 
climate. 

" The general opinion of physi- 
cists as to the possibility of ^a 
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change in the position of the 
earins axis has recently nnder- 
gone modifications somewhat 
analogons in character to those 
which, in the opinion of some 
geologists, the position of the axis 
has itself undergone. Instead of 
a fixed dogma as to the im- 
possibility of change we find 
a divergence of mathematical 
opinion, and variations of the pole 
differing in extent, allowed by 
different mathematicians who 
have of late gone into the 
qnestion, as for instance, the 
Kev. J. F. Twisden, Mr. George 
Darwin, Prof. Hanghton, the 
Eev. E. Hill, and Sir William 
Thomson. All agree in the 
theoretical possibility of a change 
in the geographical position^ of 
the earth's axis of rotation being 
effected by a ifedistribntion of 
matter on the surface, but they 
do not appear to be all in accord 
as to the extent of such changes. 
Mr. Twisden, for instance, arrives 
at the conclusion that the eleva- 
tion of a belt 20 degrees in width, 
each as that whi^ I suggested 
in my presidential address to 
the Gfeological Society in 1876, 
would displace the axis by about 
ten miles only, while Prof. 
Hanghton maintains that the 
elevation of two such continents 
as Europe and Asia would dis- 
place it by about 69 miles, aod 
Sir W. Thomson has not only 
admitted but asserted as hishly 
probable, that the ^oles may have 
been in ancient times 'very far 
from their present geographical 
position, and may have gradually 
shifted through 10, 20, 30, 40, or 
more degrees without at any tune 
any perceptible sudden disturb- 
ance of either land or water.' 



"I am glad to think that the 
question, to which I to some 
extent assisted to direct atten- 
tion, has been so fully discussed, 
but I can hardly regard its dis- 
cussion as being now finally 
closed. It appears to me doubt- 
ful whether eventually it will be 
found possible to concede to this 
globe that amount of solidity and 
rigidity which at present it is held 
to possess, and which, to my 
mind at all events, seems to be in 
entire disaccordance with many 
geological phenomena. Yet this, 
as the Eev. O. Fisher has re- 
marked, is presupposed in all the 
numerical calculations which have 
been made. I am also doubtful 
whether in the calculations which 
have been made, sufficient regard 
has been shown to the fact that 
a great part of the exterior of our 
spheroidal globe consists of fluid 
which, though of course con- 
nected with iSie more solid part of 
the globe by gravity, is readily 
capable of re^iusting itself upon 
its surface, ana may, to a great 
extent, be left out of the account 
in considering what changes 
might arise from the disturbance 
of uie equilibrium of the irregular 
spherical or spheroidal body 
which it partially covers. It 
appears to me also possible that 
some disturbances of equilibrium 
may take place in a mysterious 
manner by the redistribution of 
matter or otherwise in the in- 
terior of the globe. Captain F. 
J. Evans, arguing from the 
changes now going on in ter- 
restrial magnetism, has suggested 
the possibuity of some secular 
changes being due to internal, 
and not to external causes ; and 
\\£ it really be tcaeth&t tbftT^\&^ 
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difference between the longest 
and shortest equatorial radii of 
Uie earth, amounting to 6,378 
feet, such a fact would appear to 
point to a great want oi homo- 
geneity in the interior of our 
planet, and might suggest a 

Possible cause for some distur- 
ance of equilibrium. 
" I have mentioned Prof. Haugh- 
ton among those who, from ma- 
thematical considerations, have 
arrived at the conclnsion that a 
geographical change in the posi- 
tion of the axis of rotation of the 
earth is not only possible bat 

Erobable. In a recent paper, 
owever, he has maintained that, 
notwithstanding this possibility 
or probability, wo can demonstrate 
that the pole has not sensibly 
changed its position during geo- 
logical periods. He arrives at this 
conclusion by pointing out that 
in the Parry Islands, Alaska and 
Spitzbergen, there are triassic and 
Jurassic deposits of much the 
same tropical character, and then 
by a geometrical method fixing 
the north pole somewhere near 
Pekin, and the south pole in Pata- 
gonia, within seven hundred miles 
of a spot where Jurassic am- 
monites occur, shows that such a 
theory is untenable. In the same 
way he fixes the pole in miocene 
times near Yakutsk, within eight 
hundred miles of certain miocene 
coal-beds of the Japanese islands. 
These objections are at first sight 
startling, but I think it will be 
found that if, instead of drawing 
great circles through certain 
points, we regard those points as 
merely isolated localities in a belt 
of considerable width, there is no 
need of fixing the pole of either the 
JnrasBic or the miocene period 



with that amount of nicety with 
which Prof. Haughton has ascer- 
tained its position. The belt may 
indeed be made to contain the 
very places on which the objection 
is founded. Still the method pro- 
posed is a good one, and I hope 
that as our knowledge of forei^ 
geology extends it may be still 
further pursued. There is, how- 
ever, one further consideration to 
be urged, and that is as to the 
safety of regarding all deposits of 
one geological period as contem- 
poraneous in time. Althoagh an 
almost identical flora may m dis- 
covered in two widely-separated 
beds, it appears to me that chro- 
nolo^caUy they are more probably 
of different ages tiian absolutely 
contemporaneous ; and, inasmuch 
as the duration of the miocene 
period must have been enormous, 
there would be time — ^if once we 
assume the wandering of the poles 
— for such wandermg to nave 
been considerable between the be- 
ginning and end of the period. 

"I must not, however, detain you 
longer upon this phase of geologi- 
cal speculation, but will advert to 
a subject of more practical interest, 
the discovery of palaeozoic rocks 
under London. So long ago as 
1866 the Kentish Town boring 
had shown that immediately below 
the gaultred and variegated sand- 
stones and clays occurred, which 
Professor Prestwich regarded as 
probably of old red or jDevonian 
age. The boring of Messrs. Meux 
and Go. has shown that under 
Tottenham Court Boad^ at a depth 
of little more than nine hundred 
feet from the surface, there are 
true Devonian beds, with charac- 
teristic fossils, and that Mr. God- 
win Austen's prophecy of the 
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existence of palaaozoic rocks at an 
accessible depth nnder London 
has proved tnie. Prof. Prestwich, 
from a consideration of the French 
and Bel^fian coal-fields, inclines to 
the behef that in the district 
north of London carboniferons 
strata may be found. Unfortu- 
nately the expense of conducting 
deep borinffs, even with the ad- 
mirable appliances of the Diamond 
Boring Company, is so great that 
I almost despair of another ex- 
perimental borehole, like that 
carried out in the Wealden dis- 
trict under the auspices of Mr. 
Willett, being undertaken. 

" In the department of theoreti- 
cal geology, I would call your 
attention to some experiments by 
M. Daubr^, of which he has given 
accounts at different times to the 
French Academy of Sciences. In 
these experiments he has at- 
tempted to reproduce on a small 
scale various geological pheno- 
mena, such as faultmg, cleavage, 
jointing, and the elevation of 
mountaan chains. Although the 
analogy between work in the 
laboratory and that on the grand 
scale of nature may not in all 
cases be perfect, yet these experi- 
ments are in the highest degree 
instructive, and reflect no httle 
credit on the ingenuity of the dis- 
tinguished chief of the Ecole des 
Mines. 

" With regard to recent progress 
in paJadontology, I must venture 
to refer you to Prof. AUeyne 
Nicholson's inaugural address 
lately delivered to the Edinburgh 
Geological Society, and I cannot 
pass over in silence the magnifl- 
cent discoveries in North America, 
which are principally due to the 
researches of Profs. Marsh, Leidy, 



and Cope. The Dicer atherium, a 
rhinoceros with two horns placed 
transversely, and the Dinocei-as, 
somewhat allied to the elephant, 
but with six horns, arranged in 
pairs, are as marvellous as some 
of the beasts seen by Sir John 
Maundeville on his travels, or 
heard of by Pliny. But perhaps 
the most remarkable series of 
remains ever discovered are those 
which so completely link the 
existing horse with the Eohippiis 
and Orohippus, and still farther 
extend the pedigree of the genus 
EquTis, which had already been 
some years ago so ably traced by 
Prof. Huxley. 

"Of these American discoveries, 
as well as those made in the 
tertiary beds of Europe, M. 
Albert Gaudry has largely availed 
himself in his recent beautiful 
volume on the links in the animal 
world in geological times, a work 
which will long be a text book on 
the inter-relation of different 
orders, genera, and species. I 
am tempted to make use of some 
portions of M. Gaudry's own 
analysis of the book, which he 
communicated to the Geological 
Society of France. Beginning 
with the marsupials of the close 
of the secondary and beginning 
of the tertiary period, he shows 
that they are succeeded by such 
animals as the Pterodon, the 
Hycsnodon, the Proviverra, and 
Arctocyon, which present a mix- 
ture of marsupial and placental 
characters, and to some extent 
justify a theory of the transition 
from one order to the other. He 
next examines the marine mam- 
malia, and points out that, so far 
as at present known, they make 
their appearance later than those 
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of the land, and that the exami- 
nation of the pelvis of the 
HaUtherium tends to support 
the idea that the mammals, snch 
as the sirenians, which at the 
present daj have no hind limbs, 
are descended from terrestrial 
qnadmpeds, for those limbs in 
toe HaUthet'ium are mnch less re- 
daced than in its recent successors, 
the dngong and manatee. After 
tracing the numerous links which 
are to be foand between the 
extinct and living pachydermata, 
he proceeds to show that, not- 
withstanding the ffreat distance 
I etween them and uie ruminants, 
transitions may be seen. The 
earliest raminants were devoid of 
horns and antlers, but possessed 
upper incisors, and by a compari- 
son of the molars of different 
genera it may readily be conceived 
how the large bosses of the omni- 
vorous teeth of the pachyderms 
gradually shaded into the small 
crescents of the teeth of therumi- 
nants. At the same time the 
passage from the heavv and com- 
plicated extremities of the limbs 
of the pachyderms to the simpler 
and lighter feet of the ruminants 
can be traced. The history of the 
horse family is also discussed, and 
the descent of existing probosci- 
dians from the mastodons is 
shown 1o be probable, though the 
previous forms from which the 
mastodons and dinotheria are 
derived are as yet unknown. Nor 
can the origin of the camivora as 
yet be suggested, though passages 
between the six existmg famiues 
of the order may be observed. In 
coBclasioD, M. Gaadry devotes a 
chapter to the ^nadramana^ and 
thinks that palaBontological ohseT' 
rations tend to diminwh the iso- 



lation in which these mammals 
now stand with regard to the 
other orders. 

" One of ^ the most important 
features insisted on by M. Gaudiy 
is that to which I have already 
alluded — the development of the 
complicated molars of most mam- 
mals. His view is that by a 
comparison with early and with 
foetal forms the probability may be 
shown of these compound teeth 
being made up of what in earlier 
forms were smiple teeth-^r, as 
he has termed them, denticules — 
which have coalesced in the same 
manner as have some other parts 
of the normal bony skeleton. Jn 
the compound teetn the denticules 
in some cases preserve their ori- 
ginal conical form, as in the pig 
tribe ; in others are elongatea 
transversely, so as by their junction 
to form ridges, as in the tapirs ; 
while in others, again, they are 
drawn out into longitudinal cres- 
cents, as in the ruminants. Be- 
tween these forms there are, of 
course, innumerable transitions. 
They do not, however, apptear to 
me to affect the importance of 
M. Gaudry's observations, which 
must be regarded as of the highest 
value in all attempts to trace the 
inter-relation of different forms of 
mammalian life. I must not, 
however, detain you longer on 
this subject, as 1 trust that I 
have said enough to show the 
importance and interest of tiiis 
book. 

**The discoveries of early forms 
of birds with teeth do not come 
within M. Gaudry's province ; 
but Prof. Marsh has largely added 
to ourVnovsrVedL^t^oftlvQae remark- 
able forma. TiVL^\«t^«.T5 03^ou\»« 
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described by Prof. Owen, seems 
rather to be endowed with bony 
tooth-like processes in the jaw 
than actual teeth, and the head 
of the Argillamis from the same 
locality is at present unknown. 
Bat the Hesperomis and Ichthy^ 
omie from the cretaceons beds of 
America possess veritable teeth, 
in the one case set in a long 
groove in the jaw, and in the 
other in actual sockets. Such 
intermediate, or, as Prof. Huxley 
would -term them, intercalary 
forms, tend materially to bridee 
over the gap which at first si^nt 
appears to exist between reptiles 
and birds, but which to many 
palsBontologists was far from 
being impassable, lon^ before the 
discoveries just mentioned. The 
amphicoeious character of the 
yertebrsa of Ichthyonvis presents 
another most remarkable pecu- 
liarity, which is also of high 
eignificance. I hear rumours of 
the discovenr of another Archce- 
cpteryx in the Solenhofen slates, 
which is said to present the head 
in a much more complete condi- 
tion than that in which it occurs 
on the magnificent slab now in 
the Bntifh Museum. As yet, I 
bdieve, the jaws have not had 
the matrix removed from them ; 
but should they prove to be armed 



with teeth, it will to me be a 
cause of satisfaction rather than 
surprise, as confirming an opinion 
which, some fifteen years ago, I 
ventured to express, that this re* 
markable creature may have been 
endowed with teeth, either in lieu 
of or combined with a beak." 

The Geology of Gibraltar.— 
At the Meeting of the Geological 
Society on March 6th, 1878, an. 
interesting paper on tJie ** Greo- 
logy of Gibraltar," by Prof. A. 0, 
Bamsay and Mr. James Geikie, 
was read. The chief rock is a 
pale ffrey bedded limestone, over* 
lain by shales containing beds 
and bands of grit, mudstone, and 
limestone. Fossils are rarely met 
with in the latter, and have never 
been found in the shales. The 
only recognisable fossil obtained 
from the limeatone was Rhyn- 
chonella concinna, which would 
make the beds of Jurassic age 
All round the rocks are plat- 
form?, ledges, and plateaus, 
evidently the work of the sea, 
which would serve to show that 
the rock has been depressed and 
then re-elevated. A discussion 
followed the reading of the paper, 
the authors saying that there was 
some reason to think that Europe 
must have been again united to 
Africa after the first separation. 
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The Range of Temperature in 

Sweden. — In the Aiisir'mn Joiirnal 
for March 16, 1878, Prof. Rubenson 
given an abstract of a recent paper 
oy himself in the Transactions of 
the Swedish Academy on this 
sabject. He draws the following 
conclusions: The least variation 
occurs everywhere in December or 
January ; the greatest in June or 
July, except in the west, where it 
talces place in May, and in the 
northern district, where a more 
strongly marked maximum is 
noticed in March. Tbe climatic 
contrasts come out most empha- 
tically in the summer. In winter 
the conditions of range are nearly 
uniform over the whole kingdom. 

English Health Resorts in 
Winter Time.— A paper " On the 
Winter Climate of some English 
Seaside Health Resorts (Torquay, 
Penzance, Guernsey, Barnstaple, 
Ventnor, Llandudno, Ramsgate, 
and Hastings), was read by Dr. 
Tripe before the Meteorological 
Society, on tbe evening of 20th 
February, 1878. The results may 
be briefly summed up as follows, 
viz , the mean daily winter tem- 
perature of these seaside places, 
and especially of those situated on 
the coast of Devon and Scilly, is 
higher than at London ; the mean 
daily maxima and minima are ' 
aJ^so higher, and especially the 
Jatter, so that tbe daily and 
nioothly ranges of temperature 
/fr^ smiUer; the mean humidity 
w Jess, the general direction of 



the wind about the same, but the 
number of rainy days and the 
rainfall are greater at the seaside. 
As regards the wind, therefore, 
the chief point to be especially 
noticed is the amount of shelter 
afforded by high land as at Vent- 
nor, and especially of protection 
against the stormy and cold winds 
which ordinarily prevail at the 
end of February and in March. • 
The soil also should be considered^ 
as heavy rains at gravelly and 
chalky places are not so objec- 
tionable as on clayey ground. 

Falls of Dust on the Atlantic. 
— About the latitude of the Cape 
Verde Islands, on the Atlantic, 
it is a frequent experience of 
voyagers to observe falls of red 
dust and a dry kind of mist. The 
material of the du&t-mass was 
examined microscopically many 
years ago by Ehrenberg, and his 
opinion was that small particles 
carried aloft from all countries 
here formed a transparent dust 
zone, from which they sometimeB 
sank down, and in whirling move- 
ment came to the earth's surface. 
The material of observation open to 
Ehrenberg was somewhat scanty. 
The phenomenon has therefore 
been lately studied anew, and in 
a more thorough way, by Herr 
Hellmann, who examined the log- 
books of 1,196 ships that hfwi 
passed through the region in ques- 
tion, during \>ue 'J ft«LT^AS^V*i'fe71* 
H e deJ\\s w\\.\i l^e e^^^ ^y^'^.-^ Itota. 
a iiiet<Joro\og,Vc\\ ^om\» o\ -tvk^ 
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and tbe following are some of the 
facts elicited, Most of the dnst- 
falls occur in the zone of the 
Atlantic between 99 and 16^ N. 
Sonth of 6^ N. they are extremely 
rare, and the furthest south hither- 
to was in 2^ 56' N., 26^ W. The 
two furthest west were both in 
38^ 5' W., both about 300 miles 
from Cape Yerde. Dust-falls often 
occur simultaneously at very dif- 
ferent points of i^e "Dunkel 
Meer," or Dark Sea (as Ehrenberg 
called it) ; in one case they were 
150 miles apart. They also often 
last for several days, e.g, ten 
(April, 1859). Surfaces of very 
different size, up to 100,000 square 
miles, may receive dust-falls. There 
is a yearly period in the frequency 
of the faUs. It seems that near 
the African coast most occur in 
winter ; further west» in the early 
spring. The direction of the wind 
during dust-falls was from the 
east quadrant, and most frequent- 
ly N.N.B. to N.E. *The dust-falls 
observed are very irre^larly dis- 
tributed over the years in question. 
Of 63, taken at random, there 
were eight falls of sand and three 
of sand or dust. Sometimes sand 
and dust fall simultaneously. The 
dust-falls with great extent east 
and west are denser the nearer the 
African coast. In 40 out of 65 
instances the colour of the dust 
was red. Sometimes there is no 
colouration. The dry mist of the 
Dark Sea is in casual connection 
with the dust-falls. Herr Hell- 
mann concludes from the facts 
that the dust material comes prin- 
cipally from Africa and from the 
Western Sahara. The possibility 
of occasional mixture of particles 
/jvm South America ia not ex- 
cJuded. The distribution of the 



dust-falls, both in space and in 
time (they follow the movements 
of the trade winds), supports the 
hypothesis, as also does the fact 
that the falling material is coarser 
in the east than in the west. 

On Certain Phenomena accom> 
panying Rainbows.— A paper 
on this subject was read before 
the British Association, by Prof. 
Silvanus P. Thompson. The 
author narrated several instances 
of rainbows seen chiefly in Swit- 
zerland, where radial streaks of 
light devoid of colour were 
observed within the primary and 
without the secondary bow. The 
explanation suggested was as fol- 
lows: — ^The wcJdge-shaped radial 
streaks are beams of sunlight, 
which become visible by diffuse 
reflection from particles of matter 
in their path, just as the appar- 
ently divergent beams of sunrise 
or sunset become visible. These 
" beams *' being practically paral- 
lel to one another, appear to 
converge in the point exactly 
opposite to the snn by perspective, 
or, in fact, just as the parallel 
beams of sunset appear divergent. 
Since the rainbow has for its 
centre the point opposite the sun, 
such beams must have positions 
radial with respect to the bow. 
They resemble, therefore, the 
rayons du crepuscule occasionally 
seen in the east at sunset ; they 
had never been observed crossing 
the dark span between the 
primary and seoondaiy bow8. A 
Similar phenomenon of rays 
might sometimes bo seen in sun- 
light, when the shadow of the 
observer felV "Oi^'^xi ^ ^x'^c^k^ 
turbid laVe ot tViftt. 

Evapoxalloii— ^vn^'^^^^'^vt^'^'^ 



74 



THE YEAR-BOOK OF FACTS. 



that tliere is electricity in the air, 
both in time of storms and nnder 
ordinary conditions, man^ physi- 
cists have songht its ongin. It 
has been chiefly attributed to 
vaporisation of water, bnt this 
now seems doubtfaL Thus, in 
tamoltnons boiling which no doubt 
causes electrification, solid or liquid 
particles are thrown against the 
walls ; and where this cause of 
friction is avoided all trace of 
electricity disappears. And a very 
slow evaporation must furnish very 
little electricitv. M. Mascart has 
latelv approached the subject from 
another point, and studied the in- 
fluence of electricity on evapora- 
tion. He placed a number of 
basins of water or moist earth under 
conductors of grating form, con- 
nected withaHoltzmachine,wbich 
was driven by a water engine, and 
enclosed in a case, the air of which 
was kept dry ; the basins too. were 
enclosed in a case in which tne air 
was regularly dried. The conduc- 
tors were kept at constant poten- 
tials The evaporation was always 
increased under this action, what- 
ever the sign of the electricity ; 
in some cases it was even doubled. 
If the temperature vary consider- 
ably in the inclosure in which the 
basins are placed the influence 



of the electricity is entirely 
veiled. 

Optical Phenomena.—A curi- 
ous optical phenomenon was obser* 
ved early in 187^ on the coast of 
Florida, at Key West The tem- 

Serature of the sea was about nine 
egrees under that of the lower 
atmospheric layer, and this dif- 
ference produced on the surface a 
condensed laver of vapour, on 
which the sun s rays fell obliquely. 
The upper limit of tMs layer, 
which was only a few metres in 
thickness, was confounded at a 
distance with the surface of the 
water, so that vesseb aeemed to 
pass into the aea ; their hulls 
gradually disappeared, while their 
masts and riggmg stood out dis- 
tinctly against the sky. A cor- 
respondent of La Naiwe des- 
cribes the phenomenon of a ver- 
tical luminous column above the 
rising sun, as observed by him 
recently at Logelbach (Alsace). 
It measured 2^' to 2'5^> and was 
of a cindery red at the horizon, 
changing to orange red at the 
upper part. Its brightness varied 
little from 6.30 to 7 a.m., during 
which time it wastransportedhon- 
zontally from 4® to 6®. A minute 
after the sun rose the column 
shrank to a rudimentarf iooem. 
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Cookery by the Sun's Rays.— 
A joint roasted by the heat of 
the snn was one of the chief 
attractions of the gronnds of the 
Paris Exhibition of 1878, where 
M. Monchot, a Tours professor, 
when the clouds permitted, daily 
cooked a portion of meat by 
means of a strong reflector. H!e 
ordinarily succeeded in boiling 
sufficient water for three cups of 
coffee in three ^ quarters of an 
hour. In Algeria, where the sun 
naturally possesses greater power, 
Professor Mouehot has roasted 
quails in twenty minutes. 

Temperature of Flaines.-In 

the Gitzetta cMmiea liaUaaia asi 
account is g^iveu by F. Eosetti of 
some experiments on the above 
subject. To examine the tem- 
peratures he employs a thermo- 
electric element consisting of an 
iron and a platinum wire wound 
closely together and connected 
with the galvanometer. This 
latter was graduated to various 
temperatures by observing the 
deviation consequent on bringing 
the element in contact with a 
copper cylinder heated to known 
temperatures ; these being deter- 
mined by introducing the cylinder 
into a calorimeter. With such 
an arrangement he has investi- 

fated the flame of a Bunsen's 
urner, finding that in the same 
horizontal strata there were but 
slight alterations in the tempera- 
tnn^ with the excepUon of the 
^ark interior portion. Thus, 



where the external envelope 
showed 1,350**, the violet portion 
of the flame was 1,250**, the blue 
1,200**, but the internal portion 
much lower, its temperature gra- 
dually decreasing from the base 
of the flame upwards. A flame 
produced by the combustion of a 
mixture of two volumes of illu- 
minating gas and three volumes 
of carbonic oxide, showed a tem- 
perature of 1,000**- 
Beflection of Heat by Metals.— 
In the first part of the new series 
of Foggendofff's Annalen is an 
account of Knoblauch's most 
recent experiments on the reflec- 
tion of heat by metals. ^ The 
metals examined were steel, nickel, 
zinc, copper, gold, silver and brass, 
The sun was used as a source of 
heat, the solar beam being 
directed by a heliostat and polar- 
ised by Wicol's prism. The in- 
tensity of the reflected heat varies 
with the incidence. It increases 
with the incidence when the heat 
is polarised parallel, or at 45** , to 
the plane of incidence, though the 
increase is less sensible in the 
latter case. For heat polarised 
perpendicular to the plane of in- 
cidence, the intensity at first 
decreases with the incidence up 
to tiie angle of polarisation, ana 
then increases. For ^ the same 
angle of incidence the intensity of 
the reflected heat is always least 
with, tlie po\eMaJa£st^ ^ ^Si"* ^^rs^ 
less wlieu t\ift ^<^^.T\a»Klvs\^^S& "^^V 
[ pendiculat l\L\WD.^V«tL\Vvk^^g?a"^ 
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to the plane of incidence. In 
respect of the reflection of heat, 
different metals present very 
different properties. The differ- 
ences of intensity, well marked 
in the case of steel or nickel, 
almost vanish with brass. This 
last substance commnnicates by 
reflection to nnpolarised heat cir- 
cular polarisation; the other 
metals, as we know, elliptic 
polarisation ; while glass gives 
plane polarisation. 
Invisible Heat— The Solar 

Spectrum.— Professor Tyndall, in 
the conclusion of a series of 
lectures on heat, delivered by him 
at the Boyal Institution, in the 
winter of 1877-78, alluded to the 
remarkable analogy between light 
and heat, esjyecia&y in regard to 
their transmission througn solid 
and liquid bodies. After illus- 
trating this, by a plate of rock 
salt and some liquid bisulphide of 
carbon, the Professor showed that 
bodies transparent to light vary 
in regard to neat ; that some are 
tfJen opaque to heat, while others, 
opaque to light, allow a compara- 
tively free passage to heat. For 
instance, this property, termed 
** diathermancy, is not possessed 
by water and glass, while lamp- 
black allows the invisible heat to 
pass freely. Having produced a 
magnificent spectrum from the 
electric lamp, Dr. Tyndall demon- 
strated, by means of his thermo- 
pile, and other arrangements, that 
the radiation of heat from the 
spectrum gradually rising, extends 
far beyond the red end till it 
attains^ its maximum. These 
invisible rays, or waves of dark- 
ness, are highly important agents 
in nature. They are given off by 
the earth aa weU as \y the sun. 



and are largely engaged in the 
work of evaporation, giving rise 
to clouds, rain, dew, and snow. 
By 'making use of a heat-filter 
(such as a solution of iodine in 
bisulphide of carbon, or iodine 
and sulphur fused together) the 
focus of the light rays of tho 
electric lamp was intercepted, and 
that of the invisible heat, rays 
left ; and by this invisible focus 
platinum foil was made incand- 
escent, gun-cotton exploded, paper 
burnt, and charcoal in oxygen 
gas ignited, while the air at the 
focus remained as cool as at any 
other part of the room. Having 
explained that the spectrum of 
the coke-points of the electric 
lamp is continuous from the red 
to the blue, the Professor showed 
that the spectrum of an incan- 
descent metallic vapour, such as 
that of boiling silver, consists of 
one or more definite luminous 
bands, with non-luminous spaces 
between them ; these bands being 
perfectly characteristic of each 
metal. He then described how 
the solar spectrum had been 
discovered to. be crossed by innu- 
merable dark lines, the rays 
corresponding to which are 
absent ; and how Kirchhoff had 
explained these lines by reference 
to the reciprocity of radiation 
and absorption. Thus the yellow 
band in the spectrum, attributed 
to sodium vapour, was absorbed, 
and a black line substituted, 
when a sodium flame was intro- 
duced in the path of the rays of 
the lamp. By the study of 
these dark lines new metals have 
boen discovered, and a new theory 
of the constitution of the sun 
has been arrived at. 
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Is the Human Eye changing 
its Form under the Influence of 
Modem Education P— A pamph- 
let with this title was pnbhshed in 
the winter of 1877-78, by Dr. 
Loring, of New York. It la his 
object to draw general attention to 
the bad eflfects of over-study 
during childhood on the organ of 
vision, effects seemingly propor- 
tionate to the degree in which the 
principle of compulsory education 
IS carried out. Myopia, or short- 
sightedness, consists essentially in 
an elongation of the antero-poste- 
rior diameter of the eye-ball. A 
systematic examination of the 
eyes in large numbers of children 
attending public schools in Grer- 
many, Bussia, and the United 
States, has conclusively shown 
that school-work is a powerful — 
perhaps the most powerful — cause 
of myopia. Again, Prof. Bibot 
saySj'in his work on Heredity: — 
^' Since constant study creates 
myopia, and heredity most fre- 
quently perpetuates it,the number 
of short sighted persons must 
necessarily increase in a nation 
devoted to intellectual pursuits." 
Their number actually has in- 
creased to an alarming extent in 
Germany. Is there any danger 
of myopia becoming the rule, 
and normal vision the exception, 
throughout the civilised world P 
Of the two factors required to pro- 
duce such a result, one — ^heredity 
— ^is thought by Loring to be less 
nniversally operative than Bibot 



has assumed it to be. The ten- 
dency to inherit a myopic eye- 
ball is largely counteracted by 
the opposite tendency to revert 
to a type already perfect in its 
adaptation to its environmeLt. 
Only by altering some important 
" condition of existence " may this 
conservative tendency be nullified ; 
and the alteration must be brought 
to bear not on a few individuals 
only, but on the great mass of the 
community ; not one sex only, but 
on both sexes alike. Universal 
compulsory education is a condi- 
tion of this kind, and it is making 
its influence felt already. It 
causes myopia in the individual 
by compelling over-use of the eyes 
in childhood and early youth ; it 
favours the hereditaiy trans- 
mission of the aetect by lecsc 
ing the tendency to revert to 
the normal type of eye-ball. — 
Academy, 

Golour-Blindness.— Colour- 
blindness, or " Daltonism," is not 
uncommon in France. M. Favre*s 
studies at theAcad^mie des Sci- 
ences prove that no fewer than 
3,000,000 persons across the chan- 
nel are afficted with inabiHty to 
distinguish colours. Women are 
far more predisposed to this affec- 
tion than men, the proportion of 
the latter being only 10 per cent. 
Nine cases out of ten may be cured 
in young patients, the best mode 
of treatment consisting of me- 
thodical exercises upon coloured 
objects. 



78 



THE YEAR-BOOK OF FACTS. 



The Effect of Gaslight on the 
Eyes.— A report on the effect 
of gaslight upon the eyes has re- 
cently been laid before the German 
Minister for Education by the 
Scientific Committee for Medical 
Affairs. The conclusions arrived 
at are that, accordine^ to present 
experience, gaslight nas no pre- 
judicial effect upon the eyes, pro- 
vided they are sufficiently pro- 
tected from its direct action. For 
this purpose the committee re- 
commend shades and bell-glasses 
of translucent glass • porcelain. 
On the olher hand, they disap- 
prove of opaque metallic shades, 
since, when these are used, the 
eyes, though themselves in shade, 
gaze upon a strongly-illumined 
surface, and become dazzled and 
over-stimulated. On account of 
the large quantity of heat evolved 
by gas, the burner should not be 
too near to the heads of persons 
in the room ; the heat is liable to 
canse headache, and even conges- 
tion of th Iruin. Oare should 
alsm 1 r) tiii. on to prevent the fiame 
from =M kcring", which is often a 
Boo.v*' of iJiittchief and annoy- 
ance. When there is any par- 
ticrdarly irritable condition of the 
eyeS; a dark blue glass will be 
found advantageous. The com- 
mittee believe that, with these 
precautions, gasHght may be used 
without fear of mischief. — Medical 
Examiner, 

A New Direct-Vision Spectro- 
scope. — ^A new direct- vision spec- 
troscope, by M. Thollon, is based 
on the idea of sending the light 
rays first through one (say the 
lower) half of the prisms, then, 
bjr total rejection, twice at the 
surfaces of a rectangular prism, 
elevating them and reversing their 



direction, so that the bundle of 
rays returns by the upper half of 
the prisms. M. Thollon arranges 
two prism systems of this kind 
symmetrically to the common 
axis of the collimation and obser- 
vation tubes, causes the rays by 
total reflection to be deflected 
about 90°, and pass to and fro 
through the nrst system of 
prisms, the return being at the 
higher level. The rays next pass 
into the upper half of the second 
prism system beyond the optical 
axis, return from this to the origi- 
nal level, and are thrown by a 
further total reflection into the 
observation tube. 

Persistence of Images on the 

Retina.^About the beginning of 
1877, Dr. Boll threw some new 
light on the structure of the retina 
by the discovery of a substance 
of purple colour in the last retinal 
layer, in which a portion of the 
''rods" is engaged. It had es- 
caped notice before, because of its 
very rftpid disappearance on the 
action of light. Dr. Boll felt him- 
self warranted in saying that the 
formation of images on the retina 
was a veritable photography. Sub- 
sequently Dr. Kiihne discovered 
the organ by which this purple is 
incessantly reproduced — ^viz., the 
mosaic layer^ or thexa^onal epi- 
thelium of the choroid, which, 
therefore, it has been proposed to 
call the retinal epithelium. M. 
Giraud Teulon, in a recent report, 
calls attention to some modifica- 
tions in theory required by the un- 
looked-for physiological mnction, 
referred to. Thus as regards the 
persistence of positive images (i.e. 
the continuance of the sensation 
after ^e\tn'DTft^^\oTL\J!aa\»^TQ^^'^ 
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obloration of the retinal purple by 
the light, involying a certain time 
for its reconstitntion^ by the se- 
creting action of the mosaic layer, 
gives a sufficient account of the 

Shenomenon. Then, as to acci- 
ental negative images and their 
successive phases of coloration, 
the photo-chemical theory replaces 
Young's perfectly arbitrary explan- 
ation, based on three supposed 
different kinds of fibres, by a 
simpler one, which is this: — ^A 
given monochromatic light chemi- 
cally alters, in a constant and 
xmiform way, the retinal purple 
which it encounters. Now, the 
rod, or primitive nerve-element, 
has its base immersed in the bath 
formed of this substance. We 
lukve only, then, to suppose in this 
element the power of feeling, in a 
different way, the intimate contact 
of different media, exactly as tlie 
pa^piUoii of the nerves of special 
sensibiliiy (like those of smell and 
taste, for example) appreciate or 
carry to the sensorium stimula- 
tions as varied as is the nature of 
the liquids or effluvia which come 
to them. When the primary cause, 
the luminous object, is withdrawn, 
the nerve fibre, according to the 
progress of the reconsti&tion of 
the purple, announces by succes- 
sive testimonies the gradual re- 
newal of the normal bath. 

An Optical Illusion.— An op- 
tical iUusion recently described 
by M. Trappe gives an interesting 
proof that we oase our judgment 
on the distance of an object 
chiefiy on the amount of con- 
vergence of the optical axes in 
looking at it. Also, that our 
judgment on the size of an object 
Aependa on our idea, of its dis- 
tance. Standing on a staircase, 



M. Trappe looked towards a 
ground glass window, about IJm. 
off, whicn had regular horizontal 
rows of transparent stars on it, 
and tried for some time to look 
through the stars at a house 
several hundred paces distant. 
The window then appeared, not 
lim. off, but from 3 to 4m., and 
when he directed his atteaition 
only to the window he could with 
some effort contemplate the 
window panes and their stars 
without tne illusion as to their 
distance ceasing. Thereupon the 
individual stars and their dis- 
tance seemed increased in the 
same measure as the distance of 
the window. YHien he ap- 
proached the latter, the stars 
seemed to approach him first like 
one's image in a plane mirror 
when one walks towards it. M. 
Trappe, in explanation, points 
out that to see the house was 
possible only by causing the 
optical axes to pass, not tlm)ugh 
one star but through two nei^- 
bouring stars. The images of 
the two stars were then pro- 
duced on the retina as if &ey 
were simply that of one star. 
The two stars appear as one, at 
that distance from the observer, 
where the optical axes meet — ^that 
is, some way behind the place 
where they are actually. — English 
Mechanic. 

Polarisation of Light— Quartz. 
— Mr. William Spottiswoode, 
LL.D., F.B.S., secretary B.L, 
delivered a discourse at the Eoyal 
Institution on the evening of the 
5th of April, 1878. Mr. Spottis- 
woode's object was to exhibit, 
under new ftx^xvmavitaL i^csrssss^^ 
some oi tti'ft i^3csi'^3MSl'^lAaiv.^3M^%^ 
^ the action oic^^^»l^^^"^YSsas^sR^ 
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light. After some introductory 
remarks on polarisation, with 
illustrations, he showed how, by 
using a sphere of Iceland spar, 
instead of a second NicoFs pnsm, 
as the analyser, he had succeeded 
ia exhibiting simultaneously to 
the eye all the beautiful chromatic 
effects, and especially the rotation 
of the plane of polarisation by 
qaartz, which ^ are usually only 
83en in succession. In his course 
of lectures on polarised light given 
at the Boyal Institution in 1876 
ha produced part of his present 
results by means of a revolving 
double-image prism ; but now, by 
means of the sphere, all necessity 
for mechanical movement was 
avoided. The result of a com- 
bination of right-handed and left- 
handed quar& was shown by a 
compound plate formed by a solid 
cone of ru[ht-handed quartz fitting 
into a hoUow cone of left-handed 
c^uartz ; and a very curious optical 
illusion in the change of colours, 
due to a rotation of the analyser, 
was exhibited and explained. The 
spectrum of the light transmitted 
by this plate was exceedingly 
intricate, and in its dark lines 
resembled the tracery of a Gothic 
window. The subject was still 
further illustrated by two plates 
of right-handed and left-handed 
quartz respectivehr,each composed 
of sectors of di£^rent thickness, 
80 disposed that any sector of the 
one could be brought in front of 
any sector of the other. It would 



be impossible to describe in detail 
aU the gorgeous effects of colour 
which were produced, the results 
being truly magical in appearance, 
yet ul being strictly in accordance 
with scientific laws, based upon 
the facts which have be^n dis- 
covered by profound study of the 
varied forms of polarisation of 
light, for which Mr. Spottiswoode 
is so justly eminent. 

Luminous Perceptions.— At a 
Meeting of the French Physical 
Society, M. Eosenstiehl described 
the results he had obtained 
through use of rotating discs for 
study of luminous perceptioBP. 
He stated^ inter aUa, that "white 
light mixing its impression with 
that of a colouring matter, tar- 
nishes the colour of the latter the 
more the larger the angle of the 
white sector employed. Absolute 
black, far from tarnishing the 
colour of a colouring matter, 
deepens it, while preserving all 
the vivacity. Hence, a colouring 
matter, however bright the colour, 
may totally extinguish a portion 
of white hght without one per- 
ceiving it ; it is only in mixing 
the white Jight that this extinc- 
tion becomes visible. EnresumS, 
every colouring matter totally ex- 
tinguishes a part of the incident 
white light ; the colour of the 
colouring matter varies with the 
thickness under which it is viewed ; 
it is nearer the red the greater 
this thickness, nearer the green 
the smaller the thickness. 
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Edmonds' Phonoscope.— This 

little instnunenty the phonoscope, 
is for pTodnciiig figures of light 
from viDraiions of sonnd, and was 
described at the Dablin Meeting 
of the British Association by Mr. 
Ladd. It consists essentiaUy of 
three parts — an induction coil, an 
intermpter, and a rotary yacnnm 
tnbe. The action of the instru- 
ment is as follows : — Sounds from 
the voice or otiier sources produce 
vibrations on the diaphra^^ of 
the interrupter, which, bein^ in 
the primary circuit of the inauc- 
tion coil, induce at each interrup- 
tion a current in the secondary 
coil, similar to the action of a 
contact-breaker or rheotome; 
therefore each vibration is made 
visible as a flash in the vacuum 
tube. The tube revolving all the 
time at a constant speed, the 
flashes produce a symmetrical 
figure like the spokes of a wheel, 
as in the Gassiot Star. ^ The 
number of spokes or radii is ac- 
cording to the number of vibra- 
tions in the interrupter during a 
revolution of the tuoe, and on the 
number of vibrations being varied 
to any extent according to the 
sounds produced the figures in 
the revolving tube will be varied 
accordingly. The same sounds 
always produce the same figures, 
providing the revolution be con- 
stant. In cases of rhythmical 
interruption being produced in a 



owing to the omission of certain 
radii in regular positions in the 
figure. 

Musical Tones in Air and Wa- 
ter. — When a struck tuning-fork 
is quickly immersed in a vessel of 
water one hears — especially if he 
places his ear on the resonant 
table — a tone, the pitch of which 
does not agree witn that of the 
tuning-fork in air. From theo- 
retic^consideratiotts M. Auerbach 
lately concluded that the tone 
must be lowered, and that the 
tones in air and water must be as 
1*18 to 1, or as 7:6, the interval 
being thus greater than a whole 
tone, and less than a minor third. 
Experiment showed that the in- 
terval approximates this value as 
maximum, but on an average is 
somewhat less. The approxima- 
tion is greater the smaller the 
period of vibration. These re- 
searches are described in Wiede- 
mann's " Annalen." 

Necessary Vibrations.— No de- 
finite limit of audibility has ever 
been assigned for sounds of low 
pitch, but it has been generally 
accepted that an organ-pipe of 
32 feet gave the lowest sound that 
could be utilized — ^that is, a note 
produced by 16 vibrations per 
second. According to Professor 
Pfaundler, of Vienna, the smallest 
absolute number of vibrations 
capable of producing a sound is 
two, but those must be repeated 



eiven sound, as in a trill, most again and again to obtam an 
beautiful effects are noticeable, audible tone. He arrived at this 
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conclnsion after making a series 
of experiments by means of a 
siren with two apertures. 

Professor Bell on the Tele- 
phone. — At a Meeting of the 
Physical Society held on tlie Ist 
of December, 1877, Prof. G. Bell 
exhibited and described the tele- 
phone, prefacing his acconnt by 
a sketch of the progress of electric 
telephony. Reiss was the first to 
empoy the hnman yoice in his 
experiments. Prof. Bell examined 
the phenomena which take place 
when sounds are transmitted 
through the air. It is, of course, 
not the motion of the yocal organs 
themselyes that is receiyed in the 
ear, but that of the air set in 
motion hj their means, and all 
peculiarities in the sound must be 
peculiarities in the motion of that 
air. If the rapidity of motion 
varies, it occasions a yariation in 
the pitch, and the loudness is 
changed by changing the ampH- 
tude. The shape of the yibration 
produces tvmbre. If by moying 
the air in certain specified ways 
certain yowel sounds are giyen 
out, then those same sounds will be 
emitted if an identical movement 
be occasioned by any mechanical 
means whateyer, and Prof. Bell 
has found that such a motion may 
really be giyen to the air in various 
ways. 

Three classes of electrical cur- 
rents have been employed for 
transmitting sounds to a distance, 
Guid these he denominates inter- 
mittent,pulsatory,and undulatory. 
The first form is obtained when a 
current passes for a brief interval, 
and is then followed by an interyal 
during which no current passes, 
and this by a current of the same 
or oj»posite sign. In the second 



class a current is continually 
passing, but its intensity increases 
and decreases instantaneously; 
and, finally, in the third clasf*, 
this variauon ti^es place gra- 
dually, and may, therefore, be 
represented by a sinuous line. In 
his experiments on the nature of 
the movement of the air, Prof. 
Bell employed a human ear, a 
hay style attached to the incus 
recording the movement commu- 
nicated to it on a moving sheet of 
smoked glass. A very interesting 
series oi curves produced by this 
means was shown on the screen, 
and he explained how his experi- 
ments in this direction led nim 
to the present form of telephone. 
Since tne very small membrane 
of the ear was capable of setting 
in motion comparatively large 
bones, it seemed probable that 
it could cause a light piece of 
iron to vibrate. In the earlier 
form of apparatus a piece of steel 
spring was therefore attached to 
a stretched membrane of gold- 
beater's skin, and placed in n*ont 
of the pole of the magnet, but he 
found on increasing the area of 
metal that the action of the in- 
strument was improved, and thuB 
was led to do away with the 
membrane itself. 

Another branch of the investi- 
gation referred to the strength of 
the magnet employed, and this 
was modified oy varying the 
strength of current. The lottery 
was gradually reduced from 50 
cells to none at all, and still the 
efiects were obseryedin a much 
less marked degree; the action 
was in this latter case doubtless 
due to residual magnetism, hence 
in the present form of apparatus 
a permanent magnet is employed. 
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Lastly, the effect of varjing the 
dimensions of the coil of wire was 
studied, when it was found that 
the sounds became louder as its 
length was diminished. A cer- 
tain length was, however, ulti- 
mately reached, beyond which no 
improvement was effected, and it 
was found to be onlv necessary to 
enclose one end of the magnet in 
the coil of wire. 

A number of diagrams were 
projected on to the screen, which 
showed the various forms the ap- 
paratus has taken from the time 
of Page to the present day. An 
air sung in a d[istant part of the 
building was distinctly heard in 
the room by the aid of an im- 
proved form of Beiss's telephone, 
lent by Prof. Barrett, and made 
"by Mr. Yates, of Dublin. Prof. 
Bell, Prof. Foster, and Dr. Glad- 
stone then carried on a conver- 
sation with a gentleman at a 
distance, and utterances were 
shown to be^ audible when the 
transmitting instrument was held 
about a foot from the mouth. 

In replying to various ques- 
tions, Prot. Bell stated that his 
attempts to determine the ampli- 
tude of the vibrations had not 
been successfiil, and he is coming 
to the conclusion that the move- 
ment must be molecular. Very 
distinct sounds are emitted when 
a considerable mass of iron is em- 
ployed, and, further, if the iron 
pe glued ta a piece of wood an 
inch thick, and this be interposed 
between it and the magnet, the 
action still continues. Conversa- 
tion has been carried on through 
a distance of 258 miles, but a 
resistance of 60,000 ohms has 
been interposed without prevent- 
ing the action. There is a very 



marked difference in tbe manner 
in which letters are reproduced 
by the telephone. Vowel sounds 
are more acceptable than conso- 
nants, and, as a rule, those letters 
are best transmitted which in- 
volve a large oral aperture in 
their utterance. Finally, he finds 
that high sounds are produced 
more fully than low ones, but 
this (question has not yet received 
sufficient attention, — Athenoeum, 

Some Physical Considerations 
connected with the Telephone. 

— ^At a meeting of the Physical 
Society in London in the winter 
of 1877-78, Mr. W. H. Preece read 
a paper on some physical consi- 
derations connected with the tele- 
phone. He first referred to the 
instrument as one which puts in 
the hands of electricians a new 
apparatus for research, and which, 
for the examination of certain 
kinds of electricity, is the most 
delicate yet invented. It makes 
possible the investigation of cur- 
rents, which though suspected, 
have till now eluded the grasp of 
the electrician. It is fiuther a 
generator of a species of current 
that has hitherto not been known, 
and it is therefore novel and 
unique as a source of electricity. 
Faraday first studied the pheno- 
mena, givine the key to the ex- 
planation of the generation of the 
currents by the telephone, though 
they are here in a much more de- 
licate degree. So delicate are the 
vibrations of the disc, so small is 
their amplitude, that the means 
at present known for such pur- 
poses cannot measure them, even 
in an approximate degree. 

The paper then passed on to 
the consideration of the apparatus 
for the practical purposes of oral 
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commimication at a cJistanoe. It 
has been noticed how great is the 
difference in the power of different 
voices to make themselves heard. 
ThiB power depends on a clear in- 
tonation and a distinct articnla- 
lation ; mere shonting is of no nse, 
and for effectually working the 
telephone a voice needs a special 
training. Mr. Preece said he had 
been able to hear the voice of one 
of the staff when it was com- 
pletely blocked to all others. 

For many months past careful 
stndy has been made with regard 
to possible improvements that may 
be made. All attempts to increase 
the power have so far failed, and 
changes in the form, size, and 
power of the magnet employed do 
not seem to produce any effect. 
One of the greatest difficulties to 
be overcome is the readiness with 
which induced currents produce 
sound. Though it is easy to hear 
distinctly with a wire 100 miles 
long, it is not possible to do so 
witn a cable of 20 miles when 
placed in a coil ; the induced 
currents interfere. With a view 
of overcoming this difficulty, Mr. 
Edison, in America, has been try- 
ing to obtain an intensity in the 
transmitted current, and Mr. 
Preece has turned his attention 
rather to screening one wire from 
another. He explained the theory 
of the screening, and a cable has 
been for some time in construction 
under his directioD, but there has 
been no opportunity of testing it. 
It has also been found that a 
return wire will neutralise the 
effect of induction. Such slight 
currents produce such effects that 
a perfect insulation of wire is 
found difficult, just as perfect 
communication to eaHh is. The 



electric disturbance caused by a 
flash of lightning near one end 
will cause a current sufficient to 
produce sound at the other. Mr. 
Preece believes that the ezperi* 
ments which have been made giv^ 
hope for the practical use of the 
instrument at great distances. 

More about the Telephone.— 

At a Meeting of the Boyal United 
Service Institution, in December, 
1877, a lecture was given by Mr. 
W. H. Preece, of the Postal 
Telegraphs, on the telephone and 
its application to miutary and 
naval purposes. He pointed out 
the enormous value of the electric 
telegraph for warlike purposes. 
"It has well-nigh revolutionized 
the art of war. It has become a 
great weapon of offence, as well 
as a ^eat shield of defence. 
Operations that were a few years 
ago impossible are now regarded 
as essential. The strategist in 
his office can now grasp a coz^* 
tinent in his combinations. The 
actual manoeuvres of armies can 
be controlled and directed like the 
toy figures of the game of kriegs- 
spiel. The maintenance of uie 
lines of telegraph to an army in 
the field is as important as that 
of the more material lines of 
communication. The tele^ph, 
in fact, has become a necessity of 
the age. No war could now be 
undertaken without its aid. More- 
over, it facilitates the supply of 
food, it regulates the traffic oh 
railways, and it aids the transport 
home of the sick and wounded; 
it satisfies the craving^ for news, 
and it alleviates anxiety. So 
important is efficient telegraphy 
now considered for the British 
Army that six officers and "160 
men are being trained and main- 
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tained in efficiency in the British 
postal telegraph Bjeteni, so as to 
OQ available in time of war. They 
are, in fact, daily rehearsing that 
part which they may have some 
day to perform in earnest in an 
enemy's conntry. Moreover, we 
have our field telegraphs in con- 
fliant training at Aidershot, 
Chatham, and elsewhere, thongh 
it is very donbtful whether this 
department has been nearly 
snmciently developed, or is any- 
thing likebeing properly equipped, 
for snch an army as ours.'' The 
present system in use for field 
telegraphy is the Morse recording 
apparatas, which needs trained 
men. The telephone requires no 
training. It nas, further, this 
advantage — that no tricks can be 
played by an enemy "tapping" 
the line, as the voice of the sender 
of a message can be recognized. 

The greater part of the lecture 
was occupied with the principles 
of sound-waves, and the way in 
which the electric telephone re- 
produces sound, with all the 
qualities of timbre and modulation 
at a distance. In illustrating how 
a telephone acts, the different 
parts — ^the magnet, coil, and iron 
disc — ^were shown separately and 
then put together. The great 
simplicity so impressed the audi- 
ence, that the description was 
followed by warm applause. " How 
far the telephone can be employed 
in warfare remains to be seen. 
We do know this— that it trans- 
mits to a distance far beyond the 
reajh of the ear, or of the eye, 
the words of command, the tones 
of voice, the distinct and unmis- 
takable articulations of the general 
as well as of the private. Such 
an apparatus must be valuable 



for military purposes. How far 
it can be utilized for naval pur- 
poses remains to be seen. Where- 
ever a wire can extend there can 
the voice be sent. In communicat- 
ing between the bridge and the 
wheel, between the turret and the 
engine-room, between the look-out 
and the officer of the watch, it 
ought to be useful. For diving 
operations it is invaluable. In 
torpedo operations and range- 
finding it may prove useful. But 
at present it is a mere child. It 
has startled us all by its novelty, 
its beauty, and its simpUcity. 
Time alone is required to establish 
its utility. Probably no instru- 
ment that has ever been devised 
has created more sensation, or 
has attracted so much attention." 
A Signalling Ai)paratas for the 
Telephone. — ^A signalling appa- 
ratus for the telephone has recently 
been devised by Dr. Pulieg, of 
Vienna, and has the following ar- 
rangement : — Two telephones, 
without sounding pieces, are con- 
nected together, and placed with 
their bobbins opposite two tuning 
forks of exactly the same pitch. 
On the opposite side of each of 
the tuning forks is placed a metal- 
lic bell. Between this and the 
fork, and resting against the 
latter, hangs by a thread a small 
brass ball. The tuning fork at the 
sending station is struck with a 
leather-covered iron hammer, 
whereupon the fork at the receiv- 
ing station is also put in vibration, 
and causes the ball to strike on 
the bell. The signal having been 
answered in the same way from 
the receiving station, the sounding 
pieces (which include the iron 
membranes) are adjusted, and 
jibe correspondence begins. The 



86 



THE YEAR-BOOK OF FACTS. 



bell signal is so strong that with 
closed doors one may hear it in an 
adjoining room. — English Me^ 
CMmie. 

The Phonograph. — In the 
oonrse of 1877 we were startled by 
the annonncement that we conld 
converse audibly with each other, 
although hundreds of miles apart, 
by means of so many miles of wire 
with a little electro-magnet at 
each end. And before the year 
was out we had another wonder 
to speak of — an invention, purely 
mecnanical in its nature, by 
means of which words spoken by 
ihe human voice can be, so to 
speak, stored up and reproduced 
at will over and over again, hun- 
dreds, it may be thousands, of 
times. What will be thought of 
a piece of mechanism by means of 
which a message of any length 
can be spoken on to a plate of 
metal, that plate sent by post to 
any part of the world, and the 
message absolutely re-spoken in 
the very voice of the sender purely 
by mechanical agency? What, 
too, shall be said of a mere ma- 
chine by means of which the old 
familiar voice of one who is no 
longer with us on earth can be 
heard speaking to us in the very 
tones and measure to which our 
ears were once accustomed P 

The highly ingenious apparatus 
by which this wonder is effected is 
the invention of Mr. Thomas A. 
Edison, of Manlowe Park, New 
Jersey, U.S. A., the electrical ad- 
viser to the Western Union Tele- 
graph Company. Mr. Edison is 
well known in the States, and 
scarcely less so in England, for 
several valuable practical applica- 
iSons of electrical science, among 
J£r, Ediacn'B other inventions 



being an exceedingly well-arranged 
telephone. To the present inven-> 
tion Mr. Edison has given the 
name of the phonograph, and it^ 
depends for its action upon certain 
well-known laws in acoustics. 

The phonograph is ODmposed of" 
three parts mainly — ^namely, a re* 
ceiving, a reoordmg, and a trans* 
mitting apparatus. The receiving 
apparatus consists of a curved 
tube, one end of which is fitted 
with a mouthpiece for the conve- 
nience of speaking into it. The 
other end is about two inches in 
diameter, and is closed in with a 
disc or diaphragm of exceedingly 
thin metal, capable of bem|^ 
thrust slightly outwards or vi- 
brated upon ffentle pressure being 
applied to it irom within the tube* 
To the centre of this diaphragm — 
which forms a right angle with 
the horizon — is fixM a small blunt 
steel pin, which, of course, par- 
takes of the vibratory motion of 
the diaphra^. Tnis arrange- 
ment is earned on a table and is 
fitted with a set screw, by meansi 
of which it can be adjusted rela- 
tively to the second part of the 
apparatus— the recorder. This ia 
a brass cylinder, about four inches 
in length and four inches in dia- 
meter, cut with a continuous Y 
groove from one end to the other, 
so that it in effect represents a 
large screw. Measunng along 
this cylinder from one end to the 
other there are 10 of these grooves 
to the inch, or about 40 in the 
whole length. The total length 
of this continuous groove, or 
screw-thread, is about 42 feet — 
that is to say, that would be the 
length of the groove if it were 
stretched out in a straight line. 
This cylinder is mounted on a 
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honssontal axis or shaft, carried in 
bearings at either end, a ^ having 
its circumferential face i jesoiited 
to the steel point of the receivine 
apparatas. The shaft is prolonged 
for four inches or so beyond the 
ends of the cylinder, and one of 
the prolongations is cat with a 
screw thread and works with a 
screwed bearing. This end ter- 
minates in a mndle, and as this 
is tnmed ronnd the cylinder is not 
only revolved, bnt by means of the 
screwed spincUe is caused to travel 
its whole length in front of the 
steel pointy either backwards or 
forwards. 

We now see that if the pointer 
be set in the groove in the cylinder 
at its commencement, and the 
handle turned, the groove would 
be traversed over the point from be- 
ginning to end, or conversely, the 
point would always be presented 
to the groove. A voice speak- 
ing in the receiver would produce 
waves of sound which would cause 
the point to enter to greater or 
less depths into this groove, ac- 
cording to the degree of intensity 
Siven to the pressure upon the 
iaphragm set up by the vibra- 
tions of the sound produced. This 
of course, of itself, would mean 
nothing ; but in order to arrest 
and preserve these sound-pressures 
a sneet of tin-foil is interposed, 
the foil being inelastic and well 
adapted for receiving impressions. 
This sheet is placed around the 
cylinder and its edges lightly fas- 
tened together by mouth-^lue, 
forming an endless band, and neld 
on the cylinder at the edges by 
the india-rubber rings. If a person 
now speaks into the receiving-tube 
and the handle of the cylinder be 
turned, it will be seen that the 



vibrations of the pointer will be 
impressed upon that portion of 
the tin-foil over the hollow groove 
and retained by it. These im» 

Sressions will oe more or less 
eeply marked according to the 
modulations and inflexions of the 
speaker's voice. We have now a 
message verbally imprinted upon 
a strip of metal. Sound hap, in 
fact, been converted into visible 
form, and we have now to trans- 
late that message by reconverting 
it into sound. We are about, in 
effect, to hear our own voice speak- 
ing from a machine the words 
which have just fallen from our 
Hps. To do this we require the 
third portion of Mr. Edison's appa- 
ratus — ^the transmittor. 

This consists of what may be 
called a conical metal dram,having 
its larger end open, the smaller 
end, wmch is about 2 in. in diam- 
eter, being covered with paper, 
which is stretched taut as is the 
parchment of a drum-head. Just 
m front of this paper diaphragm 
is a li^ht, flat steel spring, held in 
a vertical position and terminating 
in a blunt steel point projecting 
from it,. and corresponding with 
that on the diaphragm of the 
receiver. The sprint is connected 
with the paper diaphragm of the 
transmittor by means of a silken 
thread, which is placed just suffi- 
ciently in tension to cause .the 
outer face of the diaphragm to 
assume a slightly convex form. 
This apparatus is placed on the 
opposite side of the cylinder to 
the receiver. Having set the latter 
apparatus back from the cylinder, 
and having, by turning the handle 
in a reverse direction, set the 
cylinder back to what we may term 
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apparatns is advanced towards 
tae cylinder, by means of a set 
screw, nntil the steel point rests 
without absolute pressure in the 
first indentation made by the 
point of the receiver. If now the 
nandle be turned at the same speed 
as it was when the message was 
being recorded, the steel fwint will 
follow the line of impression, and 
will vibrate in periods correspond- 
ing to the impressions previously 
produced on the foil by the point 
of the receiving apparatus. Yi- 
brations of the requisite number 
and depth being tnus communi- 
cated to the paper diaphragm, 
there will be produced precisely 
the same sounds that in the first 
instance were required to produce 
the impressions formed on the tin- 
foil. Thus the words of the 
speaker will be heard issuing irom 
the conical drum in his own voice, 
tinged, however, with a slight 
metallic or mechanical tone. If 
the cylinder be revolved more 
slowly than when the message was 
being recorded, the voice assumes 
a bass tone; if more quickly, the 
message is given with a childish 
treble. These variations occur 
according as the vibrations are 
more or less frequent. 

Such is the apparatus, and it 
promises to be one of the most 
remarkable of the recent marvels 
of science. In using the machine 
for the purpose of correspondence, 
the metal strips are removed from 
the cylinder and sent to the person 
with whom the speaker desires to 
correspond, and who must possess 
a machine similar to that used by 
the sender. The person receiving 
the strips places them in turn on 
the cylinder of his apparatus, 
AppUea the tr&namittor, and puts 



the cylinder in motion, when he 
hears his friend's voice speaking 
to him from the indented metaL 
And he can repeat the contents of 
the missive as often as he pleases 
until he has worn the metal 
through. ^ The sender can make 
an indefinite number of copies of 
his communication by takin^^ a 
plaster of Paris cast of the original 
strip and rubbing off impressions 
from it on a clean sheet of foiL It 
will thus be seen^ as we stated at 
the commencement of this artide, 
that the voices of those who have 
left us, either for ever or for a 
season only, can be heard talking 
with ns if we 80 desire it. — 
ITime*. 

How the Phonograph came to 
be Invented.— An ilngHshpatent 
of 1877, taken out by Mr. iTdison, 
cl^ly shows that his mind was 
being prepared for the conception 
of the phonograph. In that patent 
he describes a means of recording 
ordinary telegraph sijppials by a 
chisel-snaped stylus indenting a 
sheet of paper, enveloping a cy un- 
der or plate, along tne line of a 
groove cut in the surface of the 
latter. These indented marks were 
to be capable of re-transmitting 
the message automatically over 
another wire if required. Here 
then was the soil prepared^ and 
the vibrating disc of the telephone 
was the seed needful to germinate 
the phonograph. That seM was 
dropped into it by accident. ''How ' 
did you discover the principle P ** 
asked a newspaper reporter of Mr. 
Edison. "By the merest acci- 
dent,** replied the professor. "I 
was singing to the mouthpiece of 
a telephone, when the vibrations 
of the voice sent the fine steel 
point into my finger. That set 
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me to thinking. If I could record 
the actions of the point and send 
the point over the same surface 
afterward, I saw no reason why 
the thing should not talk. I tried 
the experiment first on a strip of 
telegraph paper, and found that 
the pomt made an alphabet. I 
shouted the words ^ Halloo ! 
balloo ! ' into the mouthpiece, ran 
the paper hack over the steel 
point, and heard a faint ' Halloo ! 
nalloo ! ^ in return. I determined 
to make a machine that would 
work accurately, and gave my 
assistants instructions, telline 
them what I had discovered. 
Ther laughed at me. That's the 
whole story. The machine came 
through the pricking of a finger.*' 
The Microphone.— The wonders 
recorded of Aladdin's lamp must 
sink into insignificance when they 
are compared with the doings of 
that modem necromancer which 
we call Electricity. It instanta- 
neously conveys our thoughts to 
distant places, it enables us to 
travel in safety b^ express speed 
by the warning which it flashes to 
tne next staffe that we are on the 
road. It helps us to blow up our 
enemies in time of war, or by the 
same apparatus to opcA up the 
treasures of the eartn in more 
peaceful days. Our arts and 
manufactures are largely depen- 
dent upon it, the beacons that 
guide our sailors look to it for 
their light, and there is every 
reason to hope that our cities 
will soon be illumined by the 
same power. In fact, its uses 
seem to have no bounds, and, as 
week succeeds week, we hear of 
some fresh application of this 
universal agent to the service of 
mankind. 



Bat electricity has lately ap- 
peared in a new character, as tne 
obedient handmaid of sound. 
Although the connection between 
the two was to a certain extent 
known some years ago, it was 
reserved for irrofessor Graham 
Bell to point out how dose this 
connection is, by his wonderful 
discovery of the telephone, which 
bears his name. This telephone 
has been so often described that 
it is perhaps more familiar to the 
general reader than many far 
more common but less interesting 
instruments. But its extreme 
sensitiveness, as a detector of 
sounds which we hardly knew to 
exist, was not guessed at until 
Professor Hughes announced a 
new instrument to the world 
under the title of " The. Micro- 
phone." 

Professor Hughes was led to 
his wonderful discovery by experi- 
ments carried out by means of 
Bell's telephone ; and in acknow- 
ledging the talent which he has 
brought to bear on his researches, 
we must not forget that they 
have been made manifest by 
means of that instrument. In 
short, we may say that " honours 
are divided." 

We must remind our readers 
that in the telephone the electric 
current is induced by the action 
of a magnet on a coil of copper 
wire placed round it, an iron dia- 
phragm set in motion by the 
speaker's voice causing variations 
in the current, which variations 
are faithfally carried to the dis- 
tant telephone, where they are 
again translated into sound by 
means of a duplicate diaphragm. 
The toy telephone (sold in the 
streets for the past twenty years) 
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told ns tbat a yibrating disc was 
capable of reprodacing speecli; 
and Bell's telephone snggested 
the means of transmitting such 
Tibrations to any distance. It 
mnst be also remembered that 
the telephone is self-contained, 
in that it is quite independent of 
battery power. 

Bat Professor Haghes was led 
by his experiments to place a 
small electric battery in circuit 
with the telephone; and the 
results were very curious. In the 
first place he found, by adding 
weights to a fine wire through 
which the current was flowing, 
that just before the breaking 
strain was reached— -just when 
the fibres of the metal were torn 
asunder — a peculiar rushing 
sound was observable in the tele- 
phone. He then tried whether 
ne could reproduce tbis noise by 
loosely binoing^ the wires again 
together, and ne found that by 
this means he had hit upon a 
wonderfully sensitive detector of 
sounds. Any noise near the wires 
was immediately taken up bjr the 
telephone with startling aistinct- 
ness. The slightest attachment 
of the wires procured him the 
same results, and he modified the 
joined wires into an apparatus 
which merelj consisted of three 
nails, two bemg parallel and con- 
nected with the battery wires, and 
the third resting upon them. 
^ Although this ridiculously 
simple arrangement is capable of 
transmitting all kinds of noises 
to a distant place, the sounds 
obtained are very confused. Pro- 
fessor Hughes thereupon began 
to extend his experiments with 
different conducting substances. 
Me found to bia surprise that 



nearly everything he could hit 
upon responded in this marvellous 
manner to minute vibrations, but 
that various forms of carbon gave 
the most reliable results. An 
arrangement was devised which 
leaves little to be desired ; indeed, 
we may say that it is so sensitive 
as to be almost beyond control. 
It consists of a tin^f pencil of fine 
gs,s coke (such as is used for the 
Sectrio lamp) dropped into inden- 
tations in two blocks of the same 
material. This compact little 
instrument, fastened to a cigar 
box, will tnuismit to a long dis- 
tance the tickine of a watch 
placed near it. Tne gentle iouch 
of a feather, or a camel's-hair 
pencil, reaches the ear as the 
rasping of a file, while the scratch 
of a quill pen in the act of writing 
is augmented to a loud noise. It 
will be seen therefore that the 
microphone not only detects 
sounos which without it are in- 
audible, but it also magnifies 
them. 

The most recent and perfect 
form of microphone consists of a 
base board about three inches 
long, upon which are screwed two 
little angle pieces of brass plate. 
A metaluc liar, pivoted on to these 
brass supports, has at its end a 

Eiece of carbon. This carbon 
lock rests upon two similar 
Eieces kept together hj a cloth 
inge placed at the side. The 
lower block, to which one of the 
battery wires is attached, is fast- 
ened to the board. The pressure 
upon these carbon suitaces is 
controlled by a delicate spring of 
brass wire, which is attsiiched to 
a screw with a milled head. . By 
turning this screw the pressure 
can be nicely adjusted, from the 
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Ter^ light contact required for 
debcate sonnds to the compara- 
tivelj heavy pressare wanted when 
the sonnds are more intense. The 
carbon used in this form of mi- 
crophone is pine charcoal, which 
has been subjected, in a suitable 
receptacle, to a white^ heat — a 
mode of treatment which seems 
to confer upon it properties of 
great value for the present pur- 
pose. Breathing, speaking, and 
singing are transmitted by IMs 
instrument with great fidelity, 
while the tramp of a fly is most 
distinctly audible. 

It has again and again been 
X>royed that the most astonishing 
scientific discoveries have been 
made by means of the roughest 
apparatus. At the Loan E^bi- 
laon at South Kensineton we had 
an opportunity of verifyingthis for 
ourselves, for there we saw the 
pasteboard tube, and rough glass 
fens, ground by himself which 
served Gahleo for a telescope ; the 
bits of glass tubing, doctors' 
phials, and odds and ends which 
guided Dalton to the great atomic 
&eory. And no doubt, if the 
thing had not been of a perishable 
natiure, we should have found 
there the apple which hinted to 
Sir Isaac Newton Ihe secret of 
gravitation. The instruments 
devised by the inventor of the 
microphone are no exception to 
the rule ; indeed, it would seem as 
if Professor Hughes had taken a 
pride in showing what can be done 
by very simple means. A few 
nails, some sealing-wax, one or 
two bits of carbon, a penny money- 
box, and, finally, a prison for his 
flies, in the shape of a common 
match-box, with a muslin-covered 
hole in it for a window. With 



these simple materials he has 
constructed what is perhaps the 
most marvellous instrument of 
modem times. 

We learn from the HalifcLX 
Guardian that the microphone 
was lately attached to the pulpii 
of a chapel in that town, uio 
connecting wires being carried to 
a house more than a mile distant. 
Every word of the service was- 
plainly transmitted through the 
wires, and " so faithfully did the 
instrument do its work, that the 
chapel-keeper was heard to close 
the. doors after service, walk up 
the aisle, and up the pulpit-steps 
in conversation with some one 
else." This story, which we have: 
no reason to doubt, will show the 
marvellous power of the tiny 
apparatus. But its first really 
practical application has been in 
the surgeon 8 hands, as a detector 
of fordgTi bodies, such as bullets, 
&c. It will also, no doubt, in great 
measure supersede the stethoscope 
in the diagnosis of lung and heart 
disease. 

The microphone probably re- 

E resents the first step on the 
order-land of a new science. It 
has revealed to us the xmdoubted 
fact that the inanimate things 
around us vibrate in sympathywith 
every movement we make, and 
with every sound that proceeds 
from our Hps. The time may not 
be far distant when it will be 
possible to obtain an automatio 
record in plain .black and white of 
every word we utter— a recording 
angel who will have no tears to 
blot out those words we might 
wish forgotten or unsaid. — 
Qraphic. 

The Microphone in Medical 
Practice.— After the inventloik 
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of tbe microphone it was natural 
to think of applying it to detect ob- 
ecnre sounds in the human body. 
But the efforts in this direction 
were not at first very success- 
fol. M. Du Moncel however an- 
nounced, at a recent Meeting of 
the Paris Academy, tiiat the 
problem had been solved by M, 
bacretet, who emploved in his 
** stethoscopic microphone " the 
very sensitive tambours of M. 
Marey. The only drawback to 
the apparatus is tnat it is rather 
too delicate in its action, and 
transmits to the ear a host of 
sounds, whose existence was not 
suspected, and the causes of which 
need investigation. This new in- 
strument should greatly facilitate 
the work of medical men. 

Seeing Sounds.— The year 1878 
was so prolific of acoustical dis- 
coveries that we cannot feel much 
surprise that an instrument was 
devised for seeing sounds. It is 
aptly called the ** Phoneidoscope,-'' 
and is of extreme simplicity. It 
consists of two pieces of brass pip- 
ing, which are joined in the form 
of the letter T placed sideways. 
One of the three openings is closed 
by the mahogany board which 
forms the base of the instrument. 
The upper opening is provided with 
a flat flange, upon wnich a ring of 



metal holding a soap film can be 
placed. The remaining orifice is 
rumished^ with an indiarubber 
tube, terminating in a mouthpiece 
of the common speaking-tube 
pattern. Upon singm? or talking 
into this mouthpiece uie delicate 
film of soap is tnrown into vibible 
vibration. It describes, by reflected 
light, the most beautiful patterns 
in all the colours of the rainbow — 
patterns which will remain con- 
stant for one note — ^but which go 
through many changes as the scale 
is sung throueh the tube. The 
quality or iimore of the sounds 
examined also has a marked in- 
fluence upon the pattern produced. 
The mixture for making^ the film 
is a compound of Castile soap, 
water, and glycerine. It is of 
such tenacity wat bubbles may be 
blown wiUi it of Brobdingnagian 
dimensions. Patterns in sand, 
on vibrating discs of metal, were 
lonff ago produced by Chaldni, 
and Lissajous has also shown how 
sound can be translated into 
regular forms by means of tiny 
mirrors fastened to the bodies in 
vibration. But the phoneidoscope 
answers to far more delicate sounds 
than those dealt with by the two 
philosophers named, and the re- 
svdts a^ieved are far more beauti- 
ful in character. 
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X.— ELECTRICITY AND MAGNETISM. 



Almniniam in Telegraphy.— 

The yaltie of alnminiTixn in tele- 
graph j has before now attracted 
notice. This metal has donble the 
conducting power of iron, and can 
be made into extremely thin wires. 
The high price of the metal and 
the dimcmty of large prodnction 
are, of conrse, graye obstacles in 
the way. Bnt, as is pointed ont 
in the D, AUg. Pol, Zeitung, it 
can easHj be produced in quanti- 
ties sufficient to give an alloy with 
iron suitable for -aae as telegraph 
wire, thinner and better^ conduct- 
ing than the ordinary wire. Ow- 
ins; to its light weight such wire 
is specially fitted for military 
telegraphy, since great lensths 
can be carried on one boDlnn. 
With regard to the production of 
aluminium, the tolerably abundant 
oryolite found in Greenland mi^^ht 
furnish the raw material, and a 
reduction of it in smelting works, 
by means of silicious iron or sdnc 
ore, might be practicable. — BngUih 
Mechanic. 

SDgraving on Glass by Elec- 
tricity.— A method of engraying 
on glass, which appears to be 
simple of application, is described 
by M. Plante, in January, 1878, in 
the Annates de Ohi/mie (t. xiii., p. 
143). A plate of glass is placed 
horizontally on a table, and a 
concentrated solution of potassium 
nitrate poured oyer its surface so 
as to form a thin layer. Of the 
two platinum terminals of a 
Plant^ secondary battery of 60 



I or 60 cells, one is immersed in the 
{layer of liquid which coyers the 
plate, along the ed^ of tiie plate ; 
the other terminal is enclosed» 
except at its extremity, in an in- 
sulating-sheath. The operator, 
holding the latter in his hand, 
touches the glass coyered witih 
the saline solution at the points 
where he wishes to eneraye 
characters or a design. Alummous 
trail follows the electrode, and, 
howeyer quickly it moyes, the 
strokes made are neatly en^yed 
on the glass. If the writing or 
drawing DC done slowly, the strokes 
will be deeply en^rayed ; their 
breadth will depend on the £a- 
meter of the wire senring as 
electrode; if it be pointed the 
strokes can be made extremely 
fine. Any other source of electri- 
city may be employed instead of 
the secondary battery, proyided 
the quantity and tension be suffix 
cient — either an ordinary galyanie 
battery of a sufficient number 
of cells, or a Gramme machine, or 
eyen a magneto-electric machine 
with currents alternately positiye 
and ne^tiye. 

The Earth's Magnetic Force. 

— Captain F. J. Eyans, hydro* 
grapher to the Admiralty, read a 
paper before the Geographical 
Society during the course of 
March, 1878, " On the Distribu- 
tion of the Earth's Ma^etic 
Force at the Present Time. The 
paper gaye a historical sketch of 
the inyention and improyements 
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of the mariner's compass, and 
noted the discoveries which that 
instrument had made of the action 
of l^e magnetic forces in different 
parts of the earth. The lectorer 
connected the phenomena thns 
brought to light with the varia- 
tions of the compass, a dne regard 
to which was absolutely necessary 
for safe navigation. In one re- 
gion of the globe— the smaller — 
this variation was westerly, and 
in the other — ^the larger — it was 
easterly. Westerly a variation 
prevailed in the Auantic and In- 
dian Oceans, and easterly in the 
Pacific Ocean. As a matter of 
fact, the magnetic condition of 
the globe was always varying, 
but in what manner and to what 
end was absolutely unknown. 
Auroras and earth currents were 
then discussed, and notice was 
taken of the magnetic discoveries 
made during the voyage of the 
Ohallenger, Having marshalled 
the various facts and hypotheses 
concerning magnetic phenomena, 
the lecturer, in conclusion, said : 
** Such are tne facts, and how are 
we to interpret themP Which- 
ever way we look at the subject of 
the earth's magnetism and its 
secular changes, we find marve- 
lous complexity and mystery ; 
lapse of time and increase of 
knowledge appear to have thrown 
us farther and farther back in the 
solution. The terrella of Halley, 
the revolving poles of Hansteen, 
and the more recent hypothesis 
of the ablest men of the day, idl 
fail to solve the mystery." 

Earth Currents due to Ter- 
reilarial Magnetism. — A very 
simple experimental arrangement^ 
due to Professor Leroy Broun, for 
exhibiting the action of the cur- 



rents of electricity which pass 
round the earth, is described in 
Silliman's American Joumaliar 
May, 1878. (See also Phil Mag., 
June, p. 475). A coil of insulated 
copper wire was wound round a 
rectancrular frame of wood, the 
sides of which were about 40 iknd 
30 inches respectively. The ex- 
tremities of the wire projected a 
short distance from one of the 
shorter sides of the frame. This 
frame was then so suspended in a 
horizontal position by wires at- 
tached to an ordinary nydrostatic 
balance (the beam of which moved 
in the plane of the magnetic meri- 
dian) that the longer sides were 
at right angles with the beam-— 
that is, magnetic east and west. 
By adjusting weights in the pans 
the index of the balance was 
brought to zero. The projecting 
termmals of the coil dipped intd 
mercury cups which could be con- 
nected with a battery. When the 
current from the haXiexj passed 
round the rectangle from eadt to 
west on the northern side, and 
from west to east on the southern 
side, bjr the theory of terrestrial 
magnetism the northern side of 
the rectangle would be attracted 
and the southern side repelled; 
and that this was so, the corre- 
sponding deflection of the balance 
rendered visible. When the cur- 
rent was reversed the deflection 
was in the opposite direction. By 
breaking and closing the circuit 
at the proper intervals, to aug- 
ment the oscillations, the lar^re 
frame was readily made to oscil- 
late through an arc of Ave decrees. 
By using (the author remarks) a 
rectangle containing alar^er num- 
ber of coils of wire attached to a 
very delicate balance and a con- 
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stantlj-aciing battery, tlie varia- 
tion in the magnetism of the earth 
might thus be advantageously 
Served. 
Improvements in Telegraphy. 

— A paper was read before the 
Dublin Meeting of the British 
Association, by Mr. Preece, on im- 
provements in telegraphy. Its 
object was to vindicate tne tele- 
graph department from the re- 
proach sometimes cast upon it of 
Laving originated no improvement 
since it became connected with 
the State. He ^ave a minute 
account of the various apparatus 
which have been in use for receiv- 
ing messages by sight or sound — 
the former being indispensable 
when fast telegraphing is required, 
and the latter best adapted for 
ordinary use ; and enumerated the 
various modifications which have 
been made in them in order to 
render the transmission of mes- 
sages more rapid and efficient, and 
obviate the special difficulties 
wHch arise from the cloudy and 
humid atmosphere of England. 
Bv a recent improvement the rate 
of speed between England and 
Ireland has been increased 100 
per cent. 

Some of the inventions tried 
years ago fell into disuse because 
they were premature, but there is 
now an increased demand owing 
to the lowering of the scale. Giutl 
in 1853 invented a mode of send- 
ing two messages in opposite direc- 
tions on the same line. In 1872 
Mr. J. B. Stearns, in America, re- 
moved a defect in it, and there 
were now nearly 200 circuits in 
England worked on the duplex 
system. In 1856 it was discovered 
that two messages could be sent 
in the same direction^ and hence 



duplex telegraphy was introduced. 
The two plans being combined 
formed quadruple! telegraphy. It 
was first used by the Western 
Union Telegraph Company in 
America, in 1876, and is now 
applied to 60 circuit telephone 
currents (verbal telegraphy), which 
are minute currents following each 
other with great rapidity on to 
superposed or ordinary working 
currents without interfering with 
their action as ordinary tele- 
graph apparatus. Mr. Crom- 
well Yarley utilized the principle 
in 1870, by patenting what may be 
called harmonic telegraphy; but 
it remained for Mr. Elidia Grey, 
of Chicago, to work it out practi- 
cally. 

Other systems for increasing 
the capacity of the wires have 
been devised on the Continent. 
The most valuable of all are the 
Wheatstone automatic and the 
quadruplex^ but each has its dis- 
advantages — ^principally the em- 
ployment of a more highly-trained 
staff. Now, these systems of fast 
speed and multiplex telegraphy 
have grown up in England under 
the fostering care of the Post 
Office, since the transfer of tiie 
telegraphs to the State, and Eng- 
land stands prominent as the 
home of the inventor. She can 
boast of her Wheatstone, Cooke, 
Bain, Thomson, Clarke, Yarley, 
Fuller, and others; and Europe 
can boast of Giutl, Siemens, Fns- 
chen, and Meyer; and America 
has her Morse, Hughes, Steams, 
Edison, and Grey. The Americans 
have freely adopted the English 
system of pneumatic telegraphy 
and methoos of testing. They are 
introducing on some lines auto- 
jmatic telegraphy, modified by 
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Hessrs. Little and Edison, and 
are trying onr superior batteries. 
Hence, while we have not been 
slow to avail ourselves of their ad- 
vance, they have equally availed 
themselves of onr progress. In- 
vention has not left the shores of 
England, and the telegraph de- 
partment stands in the m>nt rank. 
It remains to say a few words 
for the Post Office. The system 
of news wires is nni^ne of its kind. 
Fortj-seven news circuits and 22 
special wires were made np every 
day. News is transmittea direct 
from London to every town where 
there is a daily paper. This is 
done by the automatic principle 
(mechanical transmission). Half 
a million words are frequently 
sent in one night from London. 
When Lord Beaconsfield gave his 
address in the House of Lords, on 
the results of the Berlin Congress, 
526,250 words were transmitted 
from the central station. There 
is not a branch of the service that 
has not been improved. New 
batteries', new insulators, improved 
Trires, the most perfect relay, and 
multiplex apparatus have all found 
their way into the Post Office ser- 
vice. Of the 8,000 miles of addi- 
tional wire put up more than half 
is for private use, so that the daily 
average of messages is even greater 
than has been stated. No one is 
heard to complain but some dis- 
appointed inventor. Practical in- 
ventions rarely emanate from 
without, but the great majority of 
patents are taken out by persons 
who do not possess them at all. 
The fact remains that telegraphy 
is more highly developed in Eng- 
land than m any other country. 

Agricultural Use of Electricity. 
— Berthelot recommends Gran- 



dean's remarks upon the '^ in flu* 
ence of atmospheric electricitv 
npon the nutrition of plants,' 
referring especially to his dis- 
covery that the proportion of 
nitrogenous matter, which is 
form^ under that influence in 
tobacco and maize, is twice the 
proportion which is found in the 
same plants when withdrawn from 
the influence of atmospheric elec- 
tricity, the total growth of tiie 
plant being proportional to the 
nitrogenous matter. Ho also 
calls attention to some of his own 
investigations, especially to the 
fact that free nitrogen is accumu- 
lated by or^[anic matters, not only 
bjr employmg the strong inter- 
mittent tensions of ordinary 
induction apparatus, but also 
with very feeble and continuous 
tensions, and especially b^r employ- 
ing atmospheric electricity. In 
some of his experiments micro- 
scopic vegetables appeared which 
absorbed an additional amount of 
nitrogen. Before his researches 
were undertaken it was generally 
supposed that nitric and nitrous 
acids and their ammoniacal salts 
were produced only by the elec- 
tricity of heavj thunder showers. 
It is now evident that the re- 
actions between vegetables and 
the atmosphere^ under feeble 
electric tensions, are the most 
important, the smallness of the 
effects being compensated by 
their duration, and by the extent 
of the surfaces influenced. 

TheTelephone.—iS^ee "Sound, 
Section IX. 

The Microphone.— /See " Sound, 
Section IX. 

The Electric Light. — See 
" Illuminating and Heating,'' 
Section XVL 
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Breathing Carbonic Acid.— 

The dan^ous properties of car- 
bonic ozidehave long been known. 
An atmospbere wbicn contains only 
a little of tbis gas may prodnce 
poisoning and deatb. Some exact 
experiments on tbis subject bave 
lately been described to the French 
Academy by M. Grehant. He 
oonolndes that a man or one of 
the lower animals compelled to 
breathe for half an hour in an 
atmosphere containing only 7H of 
carbonic oxide, absorbs the gas in 
snch quantity that about one-half 
of the red blood corpuscles com- 
bine with the gas and become 
incapable of absorbing oxygen ; in 
an atmosphere contaming rAv of 
carbonic oxide, about af ourth of the 
red corpuscles combine with this 
as. Tnese are important results 
>th for physiology and hygiene. 

Phosphorescence and Fluor- 
escence.— Fav^ attributes both 
of these phenomena to "the 
reciprocal action of material vibra- 
tions and ethereal waves." Even 
ordinary phosphorus shines in a 
▼acuum, in nitrogen, and in hy- 
drogen, when there is no evidence 
of any chemical action. But when 
the phosphoric vapour reaches a 
oertain density this light ceases. 
This furnishes one of tne simplest 
examples of a vapour absorbing 
the waves which are produced by 
the same body when in a solid 
state. Such an extension of 
KirchoflTs law to solid bodies is 
confirmed by the nitrate of ura- 



bo 



nium, which gives eight brilliant 
phosphorescent lines, each corre- 
sponding to an absorption line, 
when a spectrum is made to 
traverse the salt. 

Artificial In^go.— Among the 
chemical papers read before the 
British Association at their Dub- 
lin meeting, by Prof. Emerson 
Reynolds, was an account of Prof. 
Baever's interesting experiments 
on the artificial production of the 
colouring principle of indigo. 
Hitherto we have only been able 
to produce artificially tnose colour- 
ing matters which lurk in the 
madder-root; no other vegetable 
dye has yielded to the chemist the 
secret or its constitution. Baeyer, 
however, has recently shown that 
it is possible to produce, by cir- 
cuitous artificial means, the 
colouring matter which gives the 
beautifcd blue to indigo. There 
seems, however, no chance at 
present of forming artificial indigo 
commercially, but the discovery is 
one of great interest to the man 
of science ; for it is not often that 
we find ourselves able to build up 
compounds which are identical 
with the products of vegetable 
life. 

The Restoration of Faded 
Handwriting. — In a paper on 
several interesting points con- 
nected with chemical technolo^ 
(Jour, praht, Ohem,, 1878, xvii, 
38), Yon Bibra discusses the best 
means of rendering le^ble writing 
which, in pcQCft'tt^ ol \axQk^<,\!Aak\^« 
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come obscure. He refers to the 
cnstoxn of employing freshly-pre- 
pared ammomum hydrosulphate, 
which, he states, is to be applied 
with a brush, the excess to be re- 
moved by water, and the paper 
or parchment then quickly dried 
between folds of blotting-paper. 
In the case where an^ important 
document is to be deciphered, we 
cannot help regarding this as 
little else than heroic treatment, 
and prefer to pour the reagent in 
a watch-fflass, and hold the manu 



Spontaneoas Ignition of Hy- 
drogen in Air.— P. W. Hofmann 
has called attention to some 
curious cases where this gas has 
spontaneously ienited. l£e phe- 
nomenon has oeen noticed in 
factories where large quantities 
of zinc were beinff diasolYed in 
hydrochloric add Tor tiie'^repa- 
ration of sine chloride. Violent 
explosions took place wken no 
flame was nigh ; audit was eren- 
tually ascerteined that the gas 
took fire- spontaneously. It 



script over it, exposing it to the 1 appears to be caused by ^Eae- 
f umes of the strong hydrosulphate ments of very porous zinc, whi<m, 



just so long as is necessary to 
develop Uie nandwriting. At oest 
the method is not a good one, 
because it converts the iron of 
the ink into the metallic sulphide 
which rapidljr undergoes oxidation; 
iJie writing in a very short time 
will fade away, as the sulphate is 
diffused through the moist paper, 
and the characters will appear 
blurred when any subsequent 
attempt is made to revive them. 
Yon Bibra has now found in a 
moderately-concentrated aqueous 
solution of tannin^ (gallotannic 
acid) an agent which produces 
the desired result, and at the same 
time possesses none of the dis- 
advantages of the hydrosulphate. 
He appHes the tannin solution 
with a orush, removes the excess 
by a current of water, and dries 
the document at a temperature of 
50-60«»B. The writing developed 
in this manner is dear and very 
black, remaining so after the lapse 
of several months. These methods, 
it need hardly be stated, refer only 
to inanuscnpts where ordinary 
ink has been employed, and not 
to documents written with Indian 
dF etwbon ink 



when lifted above tiie surfiuse of 
the liquid during the violent evo- 
lution of the eas, and so brought 
in contact with hydrogen and air, 
act just as spongy platmum would 
do under the droumstances. The 
author recommends the perform- 
ance of such operationa in the 
open air. The ignition can be 
shown by. treatii^ a few kilo- 
grammes of flnd^^-divided zinc 
with acid. The " zinc dust " may 
even ignite by contact with water 
(Ind.'BlaU., xv., 106). 

A Lecture Experiment Im- 
proved.— The ordinary metiiod of 
igniting soap-bubbles filled with 
hydrogen, or oxygen and hydro- 
gen, as th«^rise in the air^is open 
to some objections as a lecture 
exp^iment. M. < Bemsen, of the 
Bmin Chemical Society, improves 
on it thus . — ^At a hdght of 5fi. 
or-. 6ft< above the expetimentiil 
table is suspended from tiie roof 
a lai^ glass funnel in inverted 
position. A gas-burner is fixed 
in iikfi middle of the lower part of 
ihefyfimAf 00 that the flame when 
foraned ist in a horizontal ^biae. 
Itis B0vr only neoessary to Immte 
the soap-bnM)]eB somefwhere about 
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yertioally under tbe funnel. They 
eome with certainty into contact 
with the flame. If they contain 
hydrogen the whole funnel is often 
mkd with the flame. The experi- 
ment is easy, and without danger. 

The Decomposition of Steam. 
— At a recent meeting of the 
American Academy of Sciences 
8n apparatus was shown at work 
which proved that steam might 
be decomposed by simple heat into 
the constituent gases of water. 
The heat employed was a little 
over ordinary redness, but did not 
reach whiteness. The experiment 
is highly valuable, as indicating a 
possible cause of boiler ex{)losions. 
The a]:^»aratus was very simple — 
a flask in which water was heated, 
a tube oonve^g the steam into 
a closed platinum cruciMe^ where 
it was - again heated by a spirit- 
lamp, and a tube thence carrying 
the superheated steam and the 
HberatM gases to an ordinary 
pneumatio trough, where the mixed 
gases were collected in a test tube, 
whik tiie steam was absorbed. At 
tlie -end of the experiment the 
gaeee thus collected were exploded 
DT a lighted match. This ex- 
plosive mixture of gases may be 
mrned in a steam-lxaler, but only 
as "tiie result of the most culpable 
ear^essness. The boiler must — at 
leaiBtin part— be raised to a full 
red heat; then cold water must 
be injected, for so long as steam 
and the gases are mixed the latter 
temieif coplode. The injection of 
water must condense -t^e steam in 
'^e boiler before it cools the redr 
Irat inm. All these conditions 
iMhig Mfilled an explosion «f the 
-gMes' may take i^iaee. 

' -Beaferaotion <^ Leatiier bfi 

6fti.-^An interestiBg note on this 



subject, by G. E. Davis, appeared 
in the Ghemical News, xxxvi., 227. 
Mr. Davis examined the leather of 
some books which had been in daily 
use in a leading office in Manches- 
ter from 1855 to 1858 ; after that 
time till August, 1877, they re- 
mained uncovered on a shelf near 
the ceiling of the same room. The 
books were bound in rough calf, 
and had red basil lettering- pieces. 
When the books were roughly 
handled at the time the author saw 
them the leather of the backs 
came off as a mixture of dust and 
small pieces, which were very acid 
to tes^paper. The leather of the 
back contained 2*847 per cent, 
combined sulphuric acid, and 
1*920 per cent, of free sulphuric 
acid ; the red basH lettering-piece 
contained 0*99 per cent, combined^ 
and 0*87 per cent, free, acid ; and 
the piece of leather covered by the 
lettering-piece contained 0*39 per 
cent, combined, and 0*76 per cent, 
f ree^ sulphuric acid. The leather 
of another book was found to 
contain still largjBr q^uantities of 
acid, that in combination amount- 
ing to 3*46 per cent., the free acid 
being 2*18 per cent, of ammonia. 
A piece of leather from the side 
of this second book gave the 
following numbers : ammonia^ 
0*46 per eent ; sulphuric acid, in 
form of sulphate, 1*85 per cent. ; 
and uncombined sulphuric acid, 
0*64 per cent. 

Estimation of Mineral Oil or 
Paraffin Wax in Siiztore with 
other Oils or Fats.— Dr. William 
Thomson, F.E.S.EL, read a paper 
on this subject at the Dublin 
Meeting., of the British Associa- 
tion. He said that mixed oils 
were now: often used for lubri- 
cating purpoaeS) aad a <yimm.<»L 
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xnixtare, composed of mineral oil 
with some animal, vegetable, or 
fish oils, was now extensiyely 
used, and it was an important 
point to be able by analysis to 
determine the amount of mineral 
oil which such mixture contained, 
and as he could find no published 
process to effect this, he devised. 



ho had been engaged in seaxck- 
ing for cases of hairmonic motioa 
in gas, and, with the assistance o£ 
Professor Beynolds, he had ob- 
tained the positions of 105 lines 
in the spectruni of chloro-chromio 
anhydride, which proved to be 
harmonics of one particular motion. 
Some idea might be formed of the 



after much work, the following, rapidity and minuteness of these 
which he found by repeated tests vibrations from the fact that in 

one gas 80,000,000,000, and in an- 
other 22,800,000,000,000, occurred 
in the course of a single second. 

Differences of Chemical Struc- 
ture and Digestion among Ani- 
mals. — Mr. Hoppe-Seyler, a 
learned G^erman, published a 
paper during the course of 1878, 
on Differences of Chemical Struc- 
ture and of Diffestion among 
Animals, sup|>ort^ by numerous 
examples, which show that ac- 
cording to the organism so is the 
power to form differences of 
tissue; and he sums up thus: 
" Looking at the question broadljr, 
we find that the chemical composi- 
tion of the tissues, and the chemical 
functions of the organs, present 



to give very accurate results: — 
He boiled some of the sample 
with an alcoholic solution of 
caustic soda, which converted all 
the animal, vegetable, or fish oils 
into soap. Tms was then mixed 
with sand, and heated and washed 
with petroleum spirit, distilled at 
a temperature under 190^ Fah. 
This dissolves out the mineral 
oil, leaviuj^ the soap insoluble. 
The sr>irit is now distilled off from 
the bpirit solution of mineral oil, 
at a temperature not exceeding 
220^ Fah., and the residue of 
mineral oH weighed and calcu- 
lated on the weight of the original 
mixed oil taken. — Iron, 
The Spectrum of Chloro-chro- 



mio Anhydride. — Mr. G. John- undoubted relations to the stages 
stone Stqney communicated^to the of development wluch show them- 



Dublin Meeting of the British 
Aspociation the results of a long 
investigation by himself and Pro- 
fessor J. Emmerson Beynolds on 
the spectrum of chloro-chromic 
anhydride. He described the 
kinetic theory, which supposes that 
gascR consist of molecules darting 
aboat and continually striking 
a^ain^t each other, but, besides 
these, he said there were internal 
motions within the molecules, 
which in many cases were either 
periodic or quasi-periodic. The 
evidence of tms was obtained from 
the spectra, of gases. For years 



selves in the zoological system, as 
well as in the early stages of de- 
velopment of each individual 
higher organism. These relations 
deserve fiuiiher notice and investi- 
gation, and are qualified in many 
respects to prevent and correct 
errors in the classification of ani- 
mals. It is genen^v supposed 
that the study of development is a 
purely morphological science, but 
it also presents a large field for 
chemical research." This con- 
cluding sentence is significant, and 
should have serious consideration. 

The LiqQe&ction of the "Per* 
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manent " Ga8es.~In 1845 tHelate tbe tube in which it had been in- 



FrofeBsor Faraday delivered a lec- 
ture on the solidification of gases, 
at the Boyal Institution, and de- 
monstrated his facts bj experi- 
ments as interesting as they were 
Buccessfal. Under his skiHul mani- 
pulation a tube filled with olefiant 
gas, quite invisible, was seen to 
become partially filled with a 
colourless liquid, which was the gas 
in a condensed form. Two condi- 
tions were shown to be essential to 
the result — extreme pressure, and 
extreme cold. The pressure was 
obtained by strong mechanical 
appliances, and the cold by means 
ot solidified carbonic acid, which 
looked like lumps of snow. In 
this way the lecturer made clear 
to a general audience the process 
by which a number of gases had 
been brought into a liquid or solid 
form ; and he stated that he had 
"hoped to make oxygen the subject 
of the evening's experiment, but 
from some undetected cause it had 
baffled his attempts at solidifica- { Geneva, was the size of a hen's 



closed for experiment. It is a feat 
which involves important conse- 
quences for science. It is a farther 
confirmation of the mechanical 
theory of heat, according to which 
all ^ases are vapours capable of 
passm^ through the three states — 
solid, liquid, and gaseous. 

Hydrogen and nitrogen next 
yielded te the physicist's power, 
and there is no longer, in our part 
of the universe, any such thing as 
a permanent gas. Afber Pictet, in 
Geneva, had led the way by lique- 
fying oxygen, Cailletet followed in 
Paris with the other two ; but Pic- 
tet afterwards went further, ob- 
tained liquid hydrogen in con- 
siderable quantity, and produced 
solid particles of oxygen. 

M. Dumas, the distinguished 
chemist, in giving an account to 
a scientific society in Paris of the 
liquefaction and solidification of 
gases, stated that the specimen of 
oxygen produced by M. Pictet, of 



tion." Nevertheless, he looked for- 
ward to the time when not oUly 
oxygen, but azote and hydrogen 
wonld be solidified, and he agreed 
with Dumas, of the Institute of 
France, that hydrogen would show 
itself in the form of a metal. 

Faraday's anticipations are now 
realised. The achievement of li- 
quefying oxygen is due to the en- 
hghtened and persevering efibrts 
of M. Pictet, an able physicist of 
Geneva. Working with apparatus 
capable of resisting a pressure of 
eight hundred atmospheres, and 
a temperature sixty-five degrees 
below zero (centrigade), he suc- 
ceeded^ in the close of 1877, in con- 
verting oxygen (invisible) into a 
visible liquid which spouted from'oi a l\ieoT^\*\<i'aX \Skft\«iir-\i:^^esftr 



eggf and resembled snow in the 
solid form, and water in the liquid 
form. Theoretically he had con- 
cluded that the density of liquid 
oxygen would be about the same 
as that of water ; and this has 
been confirmed by experiment. 

As regards hydrogen, M. 
Dumas explained that it was li- 
quefied under a pressure of six 
hundred and fifty atmospheres, 
with cold minus one hundred and 
forty degrees ; and by evaporating 
the liquid thus obtained, the solid 
condition, showing the colour of 
blue steel, was arrived at. Many 
years ago this possibility was 
foreseen, and the most advanced 
chemists admitted the existence 
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XIL— WEIGHTS, MEASURES, AND TIME-KEEPERS. 



A Hydro-pneumatic Clock.— 

A hjdro-pneomatio clock, devised 
by M. Bourdon, has been reported 
on favourably to the French So- 
ciety of Encouragement. The 
motor recalls, in some measure, 
the principle of the ancient clep- 
sydras, and the means of commu- 
nication between this organ and 
the clockwork movement is the 
circular tube with flattened ellip- 
tical section, which M. Bourdon 
has already used in various ways. 
The motive agent is essentially 
atmospheric pressure^ acting by 
reason of a certain degree of 
Tacuum produced by means of the 
trompe of laboratories (of im- 
proved form). A first reservoir 
imay be filled at intervals ; or it 
may be a cistern fed by rains or 
otherwise ; in which case the flow 
may be considered as indefinite. 
This dispensing with the necessity 
of winding is one advantage, and 
should be specially useful in me- 
teorological observations. Again, 
a single motor may, with ease, be 
arranged to actuate a number of 
clocks distributed throughout one 
edifice or in the neighbourhood^ 
the tube irom the trompe being 
made to give off branches. 

Spiral Springs of Gold Alloy.— 
Hitherto, steel has been the metal 
chiefly used for making spiral 
springs for chronometers, &c. Its 
tendency to oxidation is a great 
disadvantage, as a mere speck of 
rust will BuflEice to afiect the regu- 



lation of an instrument. At one 
time it was thought to remedy 
this by coating with nnoxidable 
metal, such as gold, but the un- 
looked-for galvanic action npset 
this plan. Zinc was somewhat 
better, but had to be put on in 
considerable thickness, and this 
im^ired the elasticity of the 
spring. Coats of Tarnish were 
open to a like objection, and 
others. Yarious metals were tried 
as a substitute for steel (hard pla- 
tinum, silver, aluminium bronze^ 
nickel, &c.), but gold alone seemed 
to promise favourable results. 
The earlier experimenters with 
this seem to have been rather 
unsuccessful, but (according to 
the Journal Sidsse d*Horlogerie} 
spiral springs of gold alloy can 
now be made, whicn are in many 
ways superior to those of steel, 
and a greatly extended use of 
them for chronometers and other 
instruments of precision may be 
anticipated, especially at sea and 
on coast lines. Such spirals can 
be made so as to bear very high 
temperatures without deformation 
as they have to be made of greater 
thickness than the steel ones, their 
great weigfht makes them liable to 
a trembling motion through 
shocks. This, however, does not 
disturb the regulation, if care be 
taken to keep the windings some- 
what apart irom each other, and 
make tne blade of the spiral of 
little height. — English Mechanic^ 
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Paper Window-Shutters.— We 

owe the latest amplication of 
I>aper to the industrial arts to an 
American, who has recently 
patented an invention by which 
he proposes to utilize paper for 
the manufacture of inside blinds 
or shutters forwindows. A shutter 
made of paper is claimed not to be 
so liable to be affected bj shrink- 
age and expansion, and therefore 
to be free from the disadvan- 
ta^s of binding or open joints. 
It is said to be lighter and cheaper 
than wood, and it may be attached 
where wooden shutters cannot be. 
It admits of every variety of 
painting or ornamentation in set 
patterns ready for the trade, 
renewable at any time in similar 
manner to wall-paper. The shut- 
ter parts are composed of panels 
or sections united by fleziblejoint 
hing^es of cloth. The stnp of 
fabric is cut with tongues, two 
strips being glued one on each 
side of the same section, and the 
tongues of each strip lapping on 
the opposite sides of the adjacent 
section. These hinge strips extend 
from top to bottom. The panels 
thus jomed are similarly hinged 
to jamb pieces for attachment to 
the jambs, which pieces are wide 
or narrow to suit different styles 
of windows, and are constructed 
with reference to the folding of 
the shutters. At the point of 
junction of the shutter parts, in 
the centre line of the window, 
they are provided with rabbets to I 



close the joint and shut out the 
view, and to prevent the shutter 
from springing or warping. The 
jamb pieces can also oe applied 
upon the surface of the architrave, 
wnere the jamb is too shallow to 
receive the wooden shutter now in 
use. This is claimed to be an 
important advantage, as it permits 
of the application of inside shat- 
ters to any house without altera- 
tion of the windows. — Furniture 
Gazette. 
A Pan Worked by Machinery.— 

A novel instrument for producing 
a refreshing current of air in a 
room, capable of being used in a 
lady's hand, in lieu of the usual 
fan, has been devised by General 
Franzini. By means of clock- 
work in the handle, set in motion 
or stopped at will by pressing a 
button, an oval plate is caused to 
revolve. On its longer axis is an 
oval frame, in shape and size like 
that of the hand looking-glasses 
commonly in use. The revolving 
plate may be either a plain metal- 
He sheet or a piece of plate looking- 
glass, and the frame is susceptible 
of any amount of ornament. The 
lady IS thus saved the exertion of 
waving the fan in her hand. A 
similar instrument of a larger 
kind may be placed on a table, 
concealed, if desired, by a bouquet 
of flowers. 

Special Flowers for Monming* 
— ^These are now manufactured m 
Paris— artificial blossoms in an 
apparently withered condition* 
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Thus there are white roses with 
epots of decay near the heut» and 
the edgee of the leaves curled and 
tin|gred with brown; sprays of 
dying tea roses and tiny worm- 
eaten bnds hidden in russet dead 
leaves ; faded pansies and dried- 
up violets, and purple and white 
heliotrope for those whose grief is 
not too deep for consolation. 

How to Clean Waterpipes.— 
Cleaning small waterpipes by 
means m eels is the latest piece of 
transatlantic ingenuit]^. A hole 
being pundied in the tail of a smaJl 
eel, and a string inserted, Ihe eel 
is put into the pipe, and speedilv 
wnggles down to the other end, 
drajgffing after it the string, to 
which a bundle of rags is at- 
tached* 

Parisian Novelties of 1878.— 
Parisian dandies now wear small 
hooks attached to their boots, to 
catch up ^e edge of their super- 
naturally wide-ankled trousers on 
rainy davs, and keep them out of 
the mud. Yet another Parisian 
novelty is for the fairer sex, the 
^' bouquet-bijou,'' which is to take 
the place of the knot of real 
flowers worn in front of the 
dress. It is a jewelled bouquet of 
roses, forget-me-nots, and luies of 
the valley, the petals sprinkled 
with tiny diamonds to imitate dew, 
and tiie stalks held together by a 
diamond lizard. 

Recreation and Playgrounds.— 

A paper on play and playgrounds 
was read by Dr. Joseph Pope 
before the Domestic Economy 
Congress, at its Meeting at Man- 
chester, in June, 1878. In it the 
author said he would like to see 



a plavground attached to every 
school^ and one properly fur- 
nished — ^not mere Mire walls and 
graveL Owing to the pressure 
rought upon them, the London 
School Board had thrown open 
their playgrounds to children who 
lived in we neighbourhood, but 
the Board would not furnish play- 
grounds without aid from the 
public. He advocated perfect 
treedom for the child in play, and 
ridiculed the daily i^ort and 
solemn walk of girls' Bohoolg, 
which was often the only means, 
of recreation of these young 
ladies. 

The Method of Teaching Do- 
mestic Economy in Schools.— 
In a paper on this subject, read 
before the Domestic Economy 
Congress of 1878, the Bev. T. 
Graham argued that an attempt 
should be made to give the sud- 
ject something of a scientific 
character. ^ Most of the problems 
of domestic economy fell, direct- 
ly or indirectly, under chemistij 
or aniznal physiology in their 
application to common life. With 
a view to a scientific arrangement 
of the ^ subjects included under 
domestic economy, a triple 
course, such as the following, 
mig[ht be proposed: — 1, a pre- 
liminary course of instruction in 
chemistiT, as much at least as 
was needed to lay the foundation 
of a scientific knowledge of do- 
mestic economy ; 2, an inter- 
mediate course of instruction in 
animal physiology; 3, a final 
course, the application of the two 
preceding ones to the phenomena 
of household life. 
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The Preservation of Fish.— 

Mr. Johannes fiokart, of Mnnich, 
discovered in the conrse of 1878 a 
method of keeping fish perfectly 
fresh for many days after captnre, 
his plan of ^rocednre consisting 
in impregnatmg them by means 
of hydramic pressure with a weak 
solution of 8ali<rf lie acid, packing 
them in casks or cases, and pour- 
ing gelatine over them. The latter 
serves to prevent their becoming 
stiff and drf. Prepared and packed 
in the above manner, they may, it 
is said, remain ten to fifteen days, 
and even longer en route, without 
detriment to their flavour or ap- 
pearance. As one of Mr. Eckarrs 
Eatent impregnating machines, 
brge enough to hold 400 lb. of 
fis^ will prepare some 8,000 lb. 
per diem, a considerable amount 
of piscine produce can thus be 
quickly preserved for dispatch to 
any destination; and since ice^is 
altogether dispensed with, and no 
necessity exists for sending the 
fish by fast trains, the cost of 
transport is of course greatly re- 
duced. — Fishing Qaeel^, 

Gnriosities in Hen's Eggs.— 
The experiment of Harvey is well 
known, in which a hen's e^g is 
uncovered on the third day of 
incubation. The beatings of the 
heart are perceived, but suddenly 
stop. The egg is^then put in 
tepid water, and the heart begins 
to beat again. M. Dareste has 
lately gone a little farther. He 
takes nom the sitting hen an egg 



which has been three days under 
incubation, and keeps it at ordi- 
nary temperature for two or three 
days (of 24 hours). Then he re- 
places it in conditions favourable 
to incubation. The fowl is deve- 
loped as usuaL It appears from 
this experiment that the life of 
warm-blooded animals may be 
suspended for a very long time 
without death intervening, just as 
is the case with very inferior 
animals — e.gr., rotifers. 

A New Species of Coffee.— 
The prejudices and practices of 
coffee-planters are hkely to be re- 
volutionized by the discovery of a 
new species of coffee on the West 
Coast of Africa — the Goffea Lih^ 
rica, or Liberian coffee— and its 
introduction into coffee growing 
countries. The transplantation 
of this plant from its native soil 
to CeyloD, Brazil, and other coun- 
tries has been attended with such 
extraordinary results that the tree 
is likely in time to quite super- 
sede the Oofea Arahica, the species 
now usually cultivated. Of little 
importance in its native country, 
the Liberian coffee becomes as- 
tonishingly productive when placed 
in the best plantations alongside 
or very close to its better-kaown 
rival ; and it has this peculiarity 
— ^that whereas the Arabian coffee 
fldurishes at an altitude of from 
2,000ft. to 6,000ffc. above the sea 
level, the Liberian variety thrives 
from the sea level to an elevation 
of 1,00(^ It is not certain, how<*. 
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ever, that it cannot be cultivated 
at a considerably greater altitude* 
in which case i1» value will be 
ftesAlj enhanced. On an estate 
in Ceylon, where the African plant 
has been tested, the enormous crop 
of two tons of coffee to an acre 
has been yielded. The plant is 
being tested in several other coun- 
tries besides Ceylon. In Brazil, 
Venezuela, Sou^ Australia, Gua- 
temala, Qaeensland, Fiji, Jamaica, 
and other lands, the seeds have]been 

ftlanted or young trees introduced, 
t is curioas that hitherto England 
has been the principal centre of 
its propagation. Large numbers 
of sapungs and many thousands 
of seeds have been distributed 
from London, where the tree has 
been cultivated under artificial 
heat. The seeds travel well, if 
packed in damp moss. One im- 

E)rtant feature presented by the 
iberian coffee is its power of re- 
sisting the leaf disease, which is 
so fatal to the planter's hopes in 
Ceylon ; so far, at least, the plants 
grown in that colony have shown 
no signs of contracting the dis- 
ease. There is little doubt that 
the Liberian coffee is destined 
to take a high place in the 
list of importaiit vegetable pro- 
ducts, and that it will be the 
means of introducing a valuable 
industry into countries which 
would otherwise not have thought 
of entering into competition with 
the coffee districts of South 
America and the East. — Colonies 
and India. 

The Milk of the Cow-tree.— 
Nearly fifty years ago M. Bous- 
singault, the eminent French 
chemist, made some interesting 
observations on the juice of the 
GAlactodendLron, commonly known 



as the "cow-tree." Some speci- 
mens of the plant exhibited in the 
Champs-de-Mars during the time 
of the Exhibition^ enabled him 
to prosecute his study of this vege- 
table milk. The cow-tree ffrows 
to a height of 15 to 28 metres; 
its leaves are oblong and alter- 
nate, and terminate in coriaceous 
points. The Indians *'milk" the 
tree by miJdng incisions in the 
trunk. The nutritive quaHties 
of the milk are undoubted. M. 
Boussingault took it several 
months with coffee or chocolate. 
It is much more consistent than 
cows' milk, and has a weakly, acid 
reaction. In air it soon coag[ulates 
into a kind of cheese. Tms con- 
tains a complex fatty matter, 
melting at 50^ C, very similar to 
bees'- wax, and of which the author 
made excellent candles. There is 
also present a nitrogenised matter 
similar to albumen or vegetable 
fibrine. The remainder consists 
of saccharine substances, salts of 
potash, lime, magnesia, phos- 
phates, and water. It differs from 
cow's milk in its quantitative com- 
position, and is like cream (the 
constituents being mainly butter, 
35 ; sugar, 3 ; phosphates, casein, 
and albumen, 4 ; water, 58). M. 
Boussingault thinks the cow-tree 
might be usefully naturalised in 
Algeria; but adds that it would 
be less valuable on account of the 
milk than on that of the wax, 
which could be got from it in 
abundance. — English Mechanic, 

Artificial Hatching.— The fact 
that a good hen will lav annually 
120 to 150 eggs, while it can only 
hatch 30 or 82 of them, has led to 
many attempts at artificial hatch- 
ing. Accoiding to MM. Griin- 
haldt, of Oberlosnitz - Eadebeul, 
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near Dresden, the reason of the 
indifferent snccess of most of these 
efforts has been that while they 
havevarioTisly aimed at producing 
and regnlating the required hea*^ 
they have not had rej^ard to the 
mode of commnnication of this 
heat. In natural hatching the 
heat is transferred to the egg from 
above by close contact of l£e hen's 
body, and this is required bv the 
structure of the egg, in which the 
germinal vesicle always floats at 
top, whatever the |>osition of the 
egg. In view of this, Cantelo (in 
England) has successfully hatched 
^ggs hy means of glass plates put 
over them, and bathed with warm 
water. A further step is that of 
Baumeyer, who replaces the plates 
with tubes, through which warm 
water of 40*^ C. circulates. MM. 
Griinhaldt have worked on this 
system for several years, and 
variously improved it. They sup- 
ply a small hatching apparatus, 
consisting of a small elegant chest 
for 72 eggs. It is heated with a 
smokeless petroleum lamp, and is 
furnished with an automatic regu- 
lator of heat, so that personal 
attendance is reduced to a mini- 
mum of 5 to 15 minutes daily. 
The price, without artificial 
motber, is about £7, with artifi- 
cial mother, £10. 

How to Keep Fresh Fish.— 
The flesh of fresh flsh, either raw 
or boiled, should be cut in thin 
.slices and planged in a bath of 
water strongly acidulated with 
citric acid. After two or three 
hours' soaking the fish is removed 
and dried, either in the air or 
under moderate heat. In the latter 
case, one hour is sufficient ; in the 
former there should be an exposure 
of five or six days. M. D'Am^lie 



states that fish thus treated will 
keep anywhere for an indefinite 
period, and that it becomes as 
hard as wood. To prepare it for 
use, three or four days' soaking in 
fresh water is necessary. — Sd&H' 
tific American, 

A New Way of Adulterating 

Milk.~Glycerine and water form 
the latest favourite method of 
adulterating milk, as by these 
the orthodox amount of solid — 
the absence of which ordinarily, 
as compared with pure milk, be- 
trays the aqueous admixture — ^is 
thus restered. The fraud, how- 
ever, has been detected by Dr. 
Munster, owing te the so-called 
pure milk not yielding the requi- 
site amount of ash. 

The Adulteration Act and the 
Milk-Sellers.— A paper on " The 
Adulteration Act in so far as it 
Eelates to the Prosecution of 
Milk- Sellers," was read at the 
Dublin meeting of the British 
Association, by Mr. E. H. Cook. 
More prosecutions of milk-sellers 
have occurred than of any other 
vendors, and, he feared they must 
add, more unsatisfactory decisions 
were given than in other prosecu- 
tions. Instances had occurred in 
which innocent milk-sellers had 
been fined for selling a pure arti- 
cle, and in very many cases they 
might be sure the fraudulent 
dealer had gone unpunished. Milk 
was a substance which varied 
greatly in quality. As a result of 
four years' experience it appeared 
to him that milk was subject to 
four kinds of adulteration — a 
variation owing to the food, a 
variation owing to the season, a 
variation owing to the animal, and 
a variation owing to the health. 
. The best milk was given bj those 
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0OW8 which were fed on grass, and 
the better the mss — other things 
being eqnal — tne richer the milk. 
Grains lar^ly increased the (jnan- 
titj, bat diminished the quality of 
the article. That the quantity of 
milk yielded by thesame cow varied 
at different seasons of the year was 
well known, and the quality also 
yaried considerably. Generally 
speaking, milk was richer in sum- 
mer, because the milk-producing 
articles were l^en available for 
food; but the variation with the 
season, he was inclined to think, 
was more due to the time of calv- 
ing than to the alternation of 
summer and winter. Some cows 
gave better milk than others. 

If, then, milk was subject to 
these natural variations how were 
they to decide upK>n its sophistica- 
tion P By adopting as their stan- 
dard of pure milk the lowest per- 
centage of solids not fat which it 
had ever been found to contain. 
This was the principle which was 
adopted by most analysts, but 
was open to objections — one being 
the fact that by the Adulteration 
Act the analyst was to fix the 
percentage himself, and it varied. 
In order that justice might be 
done, fraud detected, and the di|[- 
nity of the chemist maintained, it 
was necessary to remedy that un- 
satisfactory state of things. Only 
one method appeared to offer a 
chance of success. Briefly, that 
was to buy and sell milk by 
craaliiy, instead of by quantity. 
One method of introducing the 
praotiee would be to divide the 
milk into twa qualities— first and 
second^the former to include «]1 
milks containing 1^ per cent. -of 
solids, and 9 per cent, of soHds 
nvt M^ and to be sold at» say, 



4d. per quart; and the latter to 
indade all milks containing less 
than 12 per cent, of solids, or 9 
per cent, of solids not fal The 
vendor thus selling according to 
quality no unjust prosecution 
would arise. 

Dr. Gameron, city analyst* said 
he had made a special study of 
milk, and had analysed smoe 
1862 many thousands of samples. 
He had never known a case in 
which the result of the mixed milk 
of a herd of cows had fallen 
below 11.5 per cent. He had 
made anal]^ses of milk in hun^ 
dreds of cases in which successful 
proeecutionB had followed, and in. 
all of which it was- in the power of 
the person charged withtiieoffenoe 
to have the miOc analysed by the 
Somerset House analyst; but in 
no case had they elected to do so, 
which he looked on as an admis- 
sion of their guilt. The great 
difficulty an analyst had to con- 
tend against was when the milk 
was poor in fats, or the deficiency 
might be attributed either to the 
milk having been skimmed, or to 
the first xmlk of the cow being 
sold instead of the whole milk. 
The milk first drawn from the 
cow was very poor in fats, whilst 
the last portion was rich in fats, 
and it was a common practice to 
sell the first milk as tiie whole 
milk, and the strippings, or iAie 
milk last drawn, a» cream, or to 
keep the strippings to make but- 
ter. It was a more serious offence 
to sell, or offer for saJe, skim milk 
as whole milk, ' thaa to sdl 
watered milk, for the Jormer was 
lelatively destitute- of the mdit 
valuable ineredient of milk-*^ 
namely, the rats. - • i 

Artificiidl Bat(^--01eomar- 
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ffarine is coming very mncli into 
&vonr-with the Americans, and the 
poorer classes greatly prefer it to 
ordinary batter. There are three 
mannfactories in the States : at 
New York, Baltimore, and Phila- 
delphia, and the compound was 
first sold in New York in Decem- 
ber 1876, while by the 17th of 
Febmary, 1878, so great was the de- 
mand that tiiere were over 20 oleo- 
margarine stores, all gaily orna- 
mented with illuminate signs. 
' Lead in Aerated Water.— Some 
time since, Sir Robert Chris- 
tison condemned the nse of sy- 
phons for lemonade, owing to the 
action which free tartorio add has 

Xn lead, and the rapidity with 
oh waters containing any free 
acid become charged with lead in 
gyphons. Aoooroung to Professor 
Muler, 0*0175 grain of lead per 
gaUon is not an nnusnal amount 
for aTerage dstem water. Mr. 
John 8. Thompeon, however, re- 
ports to the Edinburgh UniTersity 
Oheaiical Society that, after such 
water kas been aerated, and pnt 
ii^ a syphon^ the amount of lead 



dissolved in it begins to rise in a 
rapid manner. Thus in potash 
water, drawn from a syphon, 
0*0408 grain of lead per ^dlon 
were found to be present, being 
nearly 2*5 times the quantity found 
in the same water before it entered 
the syphon. Pure aerated water 
again drawn in a similar manner 
£rom a syphon, gave 0*0816 grain 
of lead per gallon, or exactly double 
the amount found in the potash 
water, showing at once tiie well- 
known protective action that salts 
of the alkalies and alkaline earths 
have on lead. Although, si^g the 
Mediedl Jov/rtud, these resuus are 
sufficiently high and alarming, 
still when the water is drawn off 
in small quantities at a time, as is 
frequently the case with invalids, 
the results are found to be still 
higher ; thus when potash water 
was 80 treated, 0*0455 grain- of 
lead per gallon were founds while 
aerated water, drawn off in small 
quantitieB, gave 0*0933 grain of 
lead per gallon, showing a very 
marked rise in both the cases ex- 
perimented on.) ' .; , 
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On the Effect of Varnishing 
the Skin in Man.— When an 
animal, snch as a dog or rabbit, 
is coated with an impermeable 
yamish, the temperature of its 
body &lls, serious symptoms 
ensue and terminate in death. 
Suppression of the excretory 
functions of the skin is usually 
stated to be the cause^or at any rate 
one of the causes, of the^ pheno- 
mena in question. It is often 
assumed that similar results would 
follow yamishing in the human 
subject; and the assumption is 
supported by the old story of the 
boy who lost his life in consequence 
of being coated with gold-leaf, to 
represent an angel in a religions 
ceremony. Senator has put the 
question to the test of experiment 
(Virchow^B Archiv, Ixx., 182). Two 
healthy men allowed their limbs 
to be coated with impermeable 
plasters, while the trunk was 
yamished with seyeral layers of 
flexible collodion. Nearly a week 
was allowed to elapse before these 
applications were remoyed. None 
of the eyil consequences invariably 
obseryed in ammals made their 
appearance ; there was no fall of 
temperature, no albuminuria^ no 
exhaustion, no djrspnoea, con- 
yulsion, or paralysis. Senator 
concludes that the gilded boy was 
probably poisoned by some in- 
gredient in the material applied 
to his skin. 

Ringing inihe Ears Explained. 
-^Thephoiomenoiii of ringing or 



tingling in the ears (tinnitus 
aurium) has recently been studied 
by Dr. Aigre. He belieyes that, 
in every case, it may be attributed 
to vibration of the walls of blood- 
vessels of the labyrinth. The 
vascular vibrations act on the 
terminal fibres of the auditory 
nerve, which they agitate. They 
may act on the nerve in two 
ways — either bjr increasing in 
amplitude, or simply by reflex 
action, by concientration, or by 
resonance. The former case occurs 
when there is increase or diminu- 
tion of tension of the blood in the 
vessels of the labyrinth, or when 
the constitution of the blood is 
altered, as in chlorosis or anssmia. 
Opium-eating in India. — In 
commenting on a paper by Mr. 
Richards, tne MediccU Examiner 
remarks that opium-eating, at any 
rate in Bidasore, does not appear 
to cause either crime or insanity, 
for the inhabitants are a peace- 
able, law-abiding race, and the in- 
sane form only '0069 per cent, of 
the population. Excessive use of 
opium may debase a man or make 
him a great sot, but never a raving 
maniac or a g^eat oriminaL Mr. 
Richards thus f ormtdates the con- 
clusion at which he arrived : — 1. 
That opium is taken hatitually 
by about 10 per cent, of the 
adult population of Balasore, and 
that the average daily allowance 
for a man is seven grains and for 
a woman five grams. 2. That 
moderation is the role. 3« That 



MEDICINE. 



113 



moderate doses inclade from two 
to sixteen grains per diem, accord- 
ing to circumstances. 4. That 
opium-eating is much more com- 
mon in unhealthy localities than 
in healthy ones, even though they 
are sitaated in the same district. 
5. That the drug may be, and is 
sometimes, taken in very large 
doses — thirty grains and upwards 
— without producing any very 
serious ill effect, much depending 
on the constitution, &c., of the 
individual and his habituation to 
its use. 6. That whatever the 
effects of the excessive use of the 
drug may be, when taken in 
moderation it is positively bene- 
ficial where such diseases as fever, 
elephantiasis, rheumatism, &c , 
are prevalent, and where food is 
scarce. 7. That the effects of 
even the most excessive use of 
opium are harmless, both to the 
individual and to society, com- 
pared with those of the excessive 
use of alcohol. 

A New Mode of Dressing 
Wounds. — A new mode of dress- 
ing wounds, devised by Dr. 
Dagh^ne, of Gisors, consists 
essentially in the judicious use of 
pulverised vegetable charcoal to 
neutralise the deleterious effects 
of pus from the wound, as also of 
miasma or ferments from without, 
the introduction of which is 
further hindered bv a superficial 
aromatic covering (bands impreg- 
nated with balsam). Dr. Dugh^ne 
has waited as long as 55 days 
before renewing such a dressing 
in the case of a comminuted 
fracture of the leg, with extensive 
iniury of the fleshy part, and 
wnen the dressing was removed 
the wound was found almost com- 
pletely cicatrised, while the bones 



were quite consolidated. Hethinks 
the cure could have been accom- 
plished without any renewal at 
all. 
The Significance of the Gse- 

cnm. — Dr. Dureau {Theses de 
Paris, 1877), the British Medical 
Journal tells us, discusses anew 
this subject by the light of com- 
parative anatomy. The caecum is 
rudimentary in man, carnivora, 
quadruma na,amphibia, insectivora 
&c. ; in rodents, pachyderms, and 
ruminants, it is of capital impor- 
tance. Among birds, it is similarly 
reduced to a simple tubercule 
among the rapacious birds (essen- 
tially carnivorous), and is pro- 
digiously developed among the 
gallinaceous and certain of the 
palmipedes. Among herbivorous 
animals and birds, it appears to 
serve as a reservoir of elaboration 
and absorption of the food, its 
removal leading to extreme ema- 
ciation. In man and other carni- 
vorae, it does not seem to be of 
any use. It exists, one might 
say, as an anatomical protest 
against vegetarianism. 

An Improvement in Anaesthesia.. 

— ^An important discovery has re- 
cently been made by Professor 
Nussbaum, of Munich, which 
promises to ensure the ultimate 
triumph of chloroform. The new 
method has the great merit of re- 
taining the patient in a conscious 
state while preventing him from 
feeling anything. The fact is not 
improbable that many of the fatal 
results which have followed the 
use of chloroform have been main- 
ly produced by the dread which 
patients feel of becoming uncon- 
scious ; but be that as it may, 
success has hitherto attended tne 
new niet1cLodm\Jaft\5kaaA^ cjJl Vt«- 
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fessor Thierscb, of Leipsic, and 
that circumstance is sufficient to 
ensnre its thorongh trial. The 
new system is bas^ on the anta- 
gonistic action of drngs in the 
human economy. When the 
patient is ready, a subcutaneous 
injection of morphia is applied, 
and chloroform is immediately ad- 
ministered, the inhalation being 
continued for about five minutes, 
which is found to produce suffi- 
cient insensibility in the part for 
the operator to commence. The 
anodyne is subsequently adminis- 
tered at intervals to maintain the 
want of feelinff, but is never em- 
ployed to such an extent as to 
produce unconsciousness. — Galig- 

An Antidote to Mercnry and 

Lead.— A prize of £400, founded 
in Belgium by Dr. Guinard, to 
reward anjr discovery tending ma- 
terially to improve the material or 
intellectual condition of the work- 
ing classes, has, by the jury, been 
unanimously awarded to M. Mel- 
sons, a member of the Belgian 
Academy. M. Melsens has dis- 
covered a method to counteract 
the poisonous effects produced 
either by emanations or by ab- 
sorption of poisonous metals, or, 
rather, to prevent their deleterious 
effects. The agent he employs is 
iodide of potassium. Affections 
of this kind depend on the pre- 
sence in the organs which are the 
seat of the malady of insoluble me- 
tallic compounds ; iodide of potas- 
sium converts them into soluble 
metallic compounds, and expels 
them. For a long time iodide of 
potassium has been considered as 
a true poison. M. Melsens began 
by proving that the drug is in- 
offensive, on the essential condi- 



tion of its being perfectly pure, 
and being administered in doses, 
at first small, and gradually in- 
creasing. The administration of 
very strong doses to persons poi- 
soned would produce in the system 
a qmantity of double soluble salt, 
sufficiently large when drawn into 
the circulation to cause real ordi- 
nary poisoning. The insoluble 
compounds of mercury, as well as 
those of lead, are easily trans- 
formed into soluble compounds by 
means of the alkaline iodides, and 
these soluble bodies are eliminated 
by the secretions of the body. 
The sulphate of lead, which is but 
little soluble in water, is, however, 
a poison fatal to animals, and it 
is as dangerous to handle as the 
carbonate of lead, and all the other 
insoluble compounds of this metaL 
All these bodies are eliminated by 
the action of iodide of potassium, 
which frees the system of them 
and prevents their deposit in the 
organs, when administered in suit- 
able doses. M. Melsens has ob- 
tained a Montyon prize from the 
French Institute for the same dis- 
covery. 

The Telegraph Cramp.— For a 

description of this complaint, 
which is chiefly confined to clerks 
who employ the Morse instru- 
ment, we are indebted to M. Oni- 
mus. The spasm or cramp, though 
seldom violent, is attended by the 
great inconvenience of preventing 
the signaller from co-ordinating 
the movements which alternately 
form lines and dots. Like all 
functional spasms, it is closely 
connected with individual tem- 
perament, the latter being usually 
of the nervous kind. The* same 
remark applies to writers' cramp, 
and especially to bankers' clerks, 
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who are often compelled to write 
a number of letters rapidly, nnder 
fear of losing the post. AU these 
cramps, which have a functional 
origin, have certain characters 
in common; they are sometimes 
observed in fiddlers, but in the 
signaller they are specially severe 
and frequent — a circumstance not 
to be wondered at if we remember 
that an ordinary clerk transmits 
about 7,000 signals per hour for 
seven or eight hours every day. 
If we add te tiie fear of commit- 
ting errors of transmission the 
necessity of having the mind fixed 
during the receipt of a long des- 
patch, it will not appear extra- 
ordinary that clerks are so often 
attacked by nervous derangement, 
which, fortunately, is connned to 
their fingers, though it may mount 
higher. Amongst female clerks 
the affection is much more fre- 
qnent, and appears at an earlier 
date. It is often preceded by 
symptoms of general nervous dis- 
turbance, sucn as palpitation of 
the heart, dizziness, disturbed 
sleep, or even insomnia, and a pecu- 
liar feeling of constriction about 
the throat which is probably a 
fragment of hysteria. — Medical 
Examiner. 

Hydrophobia in Prance.— 
M. Froust, at a meeting of the 
Paris Academy of Medicine, held 
in November, 1877, read a paper 
on the results of the official in- 
quiry into cases of hydrophobia 
observed in France from 1850 to 
1876. Its conclusions were as 
follows; — 1. Cauterisation being, 
np to the present time, the only 
means known as a prophylaxis 
against hydrophobia, it is im- 
portant to obtain statistical in- 
formation not only of the name 



of the caustic employed, but the 
manner in which tne cauterisation 
was made, and the exact time 
which elapsed between the inocu- 
lation with rabies and the moment 
of cauterisation. 2. As the trans- 
mission of the contagium is often 
effected by little pet dogs, in which 
the disease at its outset inspires 
no mistrust, a memorandum with 
the object of popularising know- 
ledge of the early symptoms of 
rabies would be of the greatest 
utility against this kind of con- 
ta^on. The dog is not dangerous 
onlj when it has lost its reason ; 
it is^ more treacherous whilst the 
sentiment of affection is still 
active, its saliva being already 
virulent. The widely spread opin- 
ion that canine rabies is always 
characterised by horror of water 
is untrue. 3. The sanitary police 
regulations applicable to canine 
rabies should be rigorously put 
into force in the winter as well as 
in the summer against suspected 
dogs, as much as against dogs 
actually in a state of disease. 
4. The measures prescribed in 
these cases should be, the obli- 
gatory wearing of a collar, accord- 
ing to police regulation; the 
seizure of all stray dogs not 
wearing a collar; destruction of 
all the dogs so seized, and of 
diseased dogs ; destruction or 
shntting up of all suspected dogs; 
also, in case of serious accidents 
or the death of a human being, the 
proprietor of the dog should be 
prosecuted by the authorities, 
without prejudice to any claim 
which may be made by the 
families of the injured persons. — 
BHtish Medical Jouimal, 

An Illusion Dispelled.— At a 
recent lecture held at th^ Bxs.ds^V 
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pbinnxn, at Yienna, before a large 
audience, Dr. E. Lewy proved 
Uiat the human skin is com- 
pletely impenetrable for the 
chemical contact of mineral 
waters, and that therefore the 
explanation of the effects of baths 
in these waters at the numerous 
bathing-places has to be sought 
ezclusively in the domain of 
physics, and not in that of chem- 
istry. This important discovery 
annuls all common views regard- 
ing the bathing cures effected by 
the various mineral springs, and 
explains in the simplest manner 
that, from a chemical point of 
view, the action of the most 
opposite waters must be one and 
the same. — Medical Press and 
Circular, 

Death by Drowning.— A series 
of experimental researches on 
death by submersion, and a num- 
ber of post-mortem examinations 
on bodies found in the water and 
brought to the Paris Morgue, 
have furnished MM. Bergeron 
and Montano with a valuable 
collection of facts. Death by 



movement. The conclusions which 
they have reached are as foUow: 
— 1. The existence of a mucous 
foam, not only in the fauces and 
larynx, but also in the bronchi, is 
the constant sign of death by sub- 
mersion, whether there was pre- 
dominant syncope or asphyxia, 
whether the individual was free 
in his movements, or whether he 
was thrown into the water after 
h&XLg narcotised W chloroform or 
opium, half sum)cated, or re- 
strained in his movements. This 
constant presence of foam, what- 
ever were the special circumstances 
in which the immersion took places 
is, they maintain, the only con- 
stant sign of deatji by drownin|f. 
2. There is idways a certain 
amount of congestion, and there 
are sometimes subpleural ecchy* 
moses; but these ecchymosee, 
which give to the lungs a mottled 
aspect (aspect tigre), never have 
the appearance of the punctate 
ecchymoses of suffocation. The 
sign given by Tardieu as charac- 
teristic of the latter form of deatii 
thus preserves all its value. 



different conditions. The indi 
vidual may fall into the water 
accidentally or may have been 
thrown thereby an act of violence. 
This may have occurred during 
his sleep, whether natural or 
artificial, as in drunkenness or 
narcotism. The investigators re- 
produced experimentally some of 
these special conditions, as by 
narcotising animals with opium 
or chloroform, or rendering them 
motionless by curara, and then 
drowning them. They varied 
also, as much as possible, the 
special circumstances of submer- 
sjon hf moro or less restraint of 



submersion maj occur under very 3. The intensity of the congestion 



and the extent of the ecchymoses 
are always in proportion to the 
struggles of the animal. It is the 
same with man, as the authors 
have verified by all the autopsies 
made at the Morgue during ten 
years. This fact has considerable 
medico-legal importance. The 
autopsy thus reveals something 
of what occurred during the lai^ 
moments of life — whether the 
individual did or did not struggle 
energetically against the submer- 
sion. 

The Theory of Sleep.— A« 
Strumpell (Pfliiger's Archiv) re- 
ports the case of a patient, aged 16, 
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the whole of whose cntaneotis sur- 
face was completely insensible, so 
that the strongest stimuli applied 
to the skin dicT not excite any ex- 
pression of pain . A similar ansBS- 
thesia was shown in nearly all the 
accessible mucous membranes of 
the body, and muscular sensibility 
was completely wanting. In addi- 
tion to this, there was a complete 
loss of smell and taste. Finally, 
the right eye was amaurotic, and 
the left ear deaf; so that, when the 
left eye was bound up and the riffht 
ear stopped, there was no fnrtiaer 
avenue of stimulus to the patient's 
brain. When the latter experiment 
was actually carried out, the patient 
in about five minutes sank into a 
deep sleep, from which he could 
only be roused by the stimulus to 
the ear or by the stimulus of light ; 
he could not by shaking alone. 
When he was lefb to himself, he 
awoke in the course of the day, 
after many hours' sleep, either 
through internal stimuU or from 
the excitation of the brain through 
Blight and unavoidable stimuli 
from without. — British Medical 
Journal, 

The Hydrosphygmograph,— 

Under this name Mosso describes 
a modification of his well-known 
'plethysmogrofph, designed to regis- 
ter momentary variations in the 
bulk of the human forearm, varia- 
tions depending almost, if not 
quite, exclusively on alternate con- 
action and relaxation of the 
arterioles {Gorn/pUaBendMSt'E&imQT 
25). The transition from intel- 
lectual repose to active exertion 
(as in attempting to solve a 
problem) causes instantaneous 
contraction of the blood-vessels 
in the arm, quickening of the 
heart's action, and increase in the 



volume of the brain (this was 
determined in three cases of 
accidental deficiency of part of 
the cranial walls). During deep 
sleep it was found that every 
stimulus — whether luminous, 
acoustic, or tactile — caused a very 
marked alteration in the character 
of the pulse, even when the im- 
pression on the sensorium was 
neither consciously perceived nor 
remembered. Local variations in 
the circulation, due to cold and 
heat, proved that dicrotism and 
polycrotism of the palse are 
phenomena of local origin depend- 
ing on the relative elasticity of 
the vascular walls. Lastly, tem- 
porary compression of the brachial 
artery and the application of 
Esmarch's elastic bandage were 
shown to cause a nutritive dis- 
turbance in the walls of the 
vessels. 

A New Bevulsive.— Dr. Cou- 
turiers (as reported by the Medical 
Examiner) recommends the use 
of a new revulsive obtained from 
an extract of red pepper. When 
rubbed up with any of the or- 
dinary vehicles, and spread on 
thin paper, it is readily employed 
in the same manner as blistermg 
paper. The -action of this revul- 
sive is rapid. The skin soon be- 
comes reddish, warm, and the seat 
of a pricking sensation. These 
symptoms continue for about three 
hours, but never amount to any- 
thing resembling pain; nor does 
the action of the revulsive extend 
to the surrounding skin. It may, 
in fact, be compared to a sinapism 
continuing to act equably for 
twenty-four hours, after having 
produced a moiety of its usuu 
effect. The red pepper revulsive 
is indicated in all oaaea "wlie^T^ ^lois^ 
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nadioal attendant desires to pro- , 
dnoe revulsion rapidlj, and keep 
it up for a considerable time-^in 
acute or chronic inflammation, 
for example, of tlie tbroat or 
broncliial tubes, in cong^tion of 
various organs, in rheumatic or 
neuralgic pains, &c. The patient 
will,of course, be cautioned against 
oonveying anj portion of the 
substance to the eyes or lips. 
When the paper has been removed 
the surface may be dusted with 
powdered starch, which at once 
arrests any feeling of heat or 
prickinff that may remain. 

Srawberries and Constipation. 
— Professor F. H. Storer, of Har- 
vard University, in a communica- 
tion to the Journal of Pharmacy, 
calls attention to the fact, not 
generally known (and which 
certainly would scarcely be ex- 
pected), that ripe strawlierries are 
very apt to induce constipation. 
He remarks that in the United 
States particularly, "where an 
immense and well-nigh universal 
consumption of this fruit is coin- 
cident with the setting in of hot 
weather, the constipating action 
of the berry is complicated, and, 
as it were, increased by the ex- 
cessive waste of water from the 
body, by perspiration, which occurs 
at this period ; and there can be 
little doubt that^ taking the two 
causes together, the strawberry 
season — though perhaps beneficial 
to some constitutions — ^is the 
occasion of much ill-health among 
the American people." 

An Artificial Larynx.— Dr. 
Foulis, of Glasgow, exhibited to 
the Medical Society of London, 
at a meeting during the month 
of January, 1878, a remark- 
able application by him of an 



artificial larynx. James Hous- 
ton, a cloth-worker, 29 jeBn of 
age, a native of Gampsie, near 
Glasgow, had a malignant saroo- 
matous tumour in his larynx 
which obstructed respiration. It 
had twice been removed by open- 
ing the larynx and taking it out, 
but it had recurred, and m>m its 
malignant character would have 
produced death it' the operation 
which Dr. Foulis described had 
not been performed. The larynx 
has been entirely taken out and 
an artificial one substituted. The 
patient was produced at tbe meet- 
ing of the Medical Society ; he 
conversed with the members and 
read to the meeting a passage from 
the Prayer-book. The operation of 
removing the larynx was. first p^- 
formed by Billroth, of Vienna, in 
1873, and the first attempt at 
supplying a new larynx was made 
for jBillroth's patient by Gussen- 
bonr, whose original i^stniment 
was shown at the meeting. The 
instrument now worn by James 
Houston is an improvement of 
Gussenbour's by Dr. Irvine, of 
Glasgow. This is the first time 
the operation has been performed 
in Britain. It has been ten 
times tried on the Continent, with 
varying success. The present is 
the most successful case, the 
patient being in better health 
than he had experienced for many 
months. The deliberate and 
careful manner in which the 
operation was performed in this 
case probably accounts for the 
successful result. Care was taken 
to introduce a tube into the wind- 
pipe as -soon as it was cut across, 
and below the seat of disease^ so 
that no blood could get into the 
lungs during the furuer steps of 
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the operation. Dr. Foulis thus 
had ample time to thoroughly 
accomplish the remoral of the 
larynx. The whole operation 
occupied two and a half hours, 
the patient being under the 
influence of chloroform. Eecovery 
has been uninterrupted, and there 
is no appearance whatever of 
recurrence. The man is quite fit 
for lig;ht office work. The larynx 
supplied to him consists of two 
tubes, one of which goes down- 
wards to the trachea and the other 
upwards to the mouth. The 
patient can talk in a whisper 
without these tubes, but when a 
reed-plate is slipped into a groove 
in the lower tube a resonant sound 
is produced which is modulated 
into letters and words by the 
mouth. The articulation with or 
without reeds is perfect. The 
reeds are made oi metal, yulca- 
nite, ivory^ horn, &c., and the 
patient himself is fond of making 
reeds which give his voice new 
and surprising tones. The voice 
is a monotone, varying in timbre 
according to the reed used. 

On the Secretion of Sweat.— 
A paper on this subject, by Adam- 
kiewicz, was read before the Phy- 
siological Society of Berlin in tne 
spring of 1878 {His. a/nd Dubois- 
Reymond*s Archiv, 1877, Heft. 6). 
The experiments were made on the 
human subject and on kittens. 
As regards the former, it was 
found that stimulation of a motor 
nerve (median, facial, &c.) was 
followed by an outbreak of per- 
spiration over the muscles that 
had been thrown into contraction, 
and also upon the corresponding 
tract of skm on the opposite side 
of the body. The phenomenon 
was not influenced by previous 



arrest of the circulation through 
the part. Sweating of bilaterally 
symmetrical regions was also in- 
duced by stimulation of the sen- 
sory nerve-ends in the skin. 

In the case of kittens, sweating 
of all four extremities was induced 
forty-five minutes after dsat.li by 
stimulation of the medulla ob- 
longata. This result was obtained 
even after hemisection of the cord 
in the upper lumbar region. Fara- 
disation of the central end of the 
brachial plexus caused sweating of 
the opposite paw, even aifter the 
spinal cord above the level of the 
third cervical vertabra and below 
the middle of the dorsal region 
had been completely destroyed. 
Stimulation of the central end of 
one sciatic was followed by sweat- 
ing of the opposite hind paw, even 
after destruction of the cord as 
low down as the fourth lumbar 
vertebra. After complete removal 
of the lumbar cord together with 
the Cauda equina, the hind paws 
may still be made to perspire by 
stimulating the central end of one 
brachial plexus. This no longer 
occurs when the lower end of the' 
dorsal cord (up to the tenth dor- 
sal vertebra) has likewise been 
removed. Stimulation of the 
lumbar cord induces perspiration 
in the hind paws even alter the 
posterior roots of all the spinal 
nerves have been divided. This 
experiment may be successfully 
performed on a preparation con- 
sisting of only the lumbar portion 
of the spine, together with the 
lumbar cord, the hind legs, and 
the plexus of nerves connected 
with them. 

The Physiology of Thirst— An 
assistant-surgeon of the American 
army, during the early part of 1878, 
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made a very interesting report on 
the phjsioloj^cal effects of thirst, 
as observed m the experience of a 
troop ot cavalry who ventured to 
pursue a band of Indians over the 
sandhills of Texas and lost their 
way. Under a barninfi^ snn, and 
marching over hot sand, they were 
four days without water. Even at 
the end of the first day many of 
the men were so exhausted that 
they fell from their horses, which 
were suffering apparentlj^ little 
less than their riders. During the 
three following days the mucous 
membrane of the mouth became 
so impaired that they could neither 
swallow nor perceive when any- 
thing was within their lips. Sugar, 
when placed in the mouth, remained 
like so much dry sand. Their voices 
became feeble and strange, and all 
became more or less deaf. Ques- 
tions had to be repeated several 
times before they could be under- 
stood, the intellect of most of the 
men appearing to suffer, according 
to the report, though a difficulty 
of comprehension would no doubt 
arise from the imperfect utterance 
of tongues so terribly parched. 

On one memorable occasion Mr. 
Stevenson, the engineer, records a 
moment of terrible excitement 
when he found himself absolutely 
unable to utter a sound. He found, 
he says, that saliva was as neces- 
sary for speech as a tongue. Ver- 
tigo and dimness of vision were 
experienced by all the company, 
and many became quite delirious. 
The lungs became so excessively 
dry, that the oxygenation of the 
blood was interruptef^, and the 
whole party seemed to be in peril 
of suffocation. The fingers and 
palms were shrivelled, and in many 
cases the men's legs and feet were 



swollen. The details of the ex- 
tremities to which they were 
driven are of a very revolting 
character, and nltiinately tiieir 
sufferings were enhanced bj men- 
tal tortures, by suspicion of each 
other, and bv persistent wakeful- 
ness. At the end of four days 
they obtained water, and, of course, 
found the temptation to drink 
irresistible. Water, however, quite 
failed to assuage their sufferings^ 
and this medical reporter considers 
that their experience showed the 
sense of thirst to exist not in the 
stomach, but in the system gene- 
rally. It could not be reheved 
until the remote tissues of the 
body had been reached. Copious 
draughts of water were at once 
ejected from the stomach, and 
warm coffee was the source of ike 
greatest relief to them. It is a 
curious fact that, whereas all the 
horses suffered terribly, and many 
of them died under the ordeal, 
some mules they had with them 
were very little affected, and grazed 
at every halt with apparent un- 
concern. 

Treatment for Consumptive 

Patients. — ^A correspondent of 
Lea Mondes, during the course of 
1878, called attention to the fact 
that butchers, though they may 
be pale and thin at entering on 
their work, quickly gain freshness 
of colour, stoutness, and a gene- 
rally comfortable look. It is a 
pure hypothesis that they put 
aside the best portions of the 
meat for themselves, and it is a 
known fact that most of them 
lose appetite. The correspondent 
attributes their general well-being 
to assimilation, through the respi- 
ratory passages, of nutritive juices 
of the meat volatilised in the air 
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— a kind of. nutrition by affasion. 
If this be 80 (it is argaed) migbt 
not a system of hygienic treat- 
ment of chlorotic or ansBmic 
young people (and especially chil- 
dren 01 a weak or lymphatic con- 
stitution) be based on it P M. le 
Moigno commends the idea, and 
offers one of his own for treat- 
ment of consumptive persons in 
place of sending them off to dis- 
tant places with reputedly mild 
climates. In a well-ventilated, 
sunlit, and sheltered room, with 
southern exposure, he would, by 
means of a Mousseron brazier, the 
hi^h moist heat of which is so 
salutary and favourable to respi- 
ration, form for the patient an 
artificial climate of Kice, having 
all the advantages, without the 
inconveniences, of the real climate. 
To aid the antiseptic action of the 
warm moist air, rich in vapours 
charged with dissolved carbonic 
acid, he would place in one or 
more corners of uie room an open 
bottle of water saturated with 
sulphurous acid. By this arrange- 
ment he thinks the progress of &e 
tuberculation would be arrested. 
It may here be mentioned that 
Dr. Blacher has recently reported 
(in the Oourrier Medical) some 
exceUent results from treatment 
of pulmonary consumption, in its 
first two periods, with glycerine 
instead of cod-liver oil (^ee Les 
Mondes, 15th August, 1878). 

Bespiration at High Altitudes. 
— At a meeting in April, 1878, of 
the Eoyal Society, Dr. William 
!Marcet communicated a paper on 
'*An experimental inquiry into 
the function of respiration at 
various altitudes." His experi- 
ments were mainly undertaken 
with the view of inquiry into the 



state of the respiration of tourists 
at various altitudes, and under 
the different circumstances met 
with on Alpine excursions. Pet- 
tenkofer's method was adopted in 
the estimation of carbonic acid, 
and the experiments were many 
in number. The on-nasal masK 
worn to collect the air breathed 
out, and the indiarubber bags that 
received the breath, were described . 
Dr. Marcet confirmed previous ex- 
periments in the fact that the 
quantity of carbonic acid breathed 
out is greater after food has been 
taken, and in his experiments on 
respiration at high altitudes he 
endeavoured to neutralise the 
effect of food by taking an early 
breakfast and a late dinner, and 
doing the climbing between the 
meals. Experiments were made 
at the Breithom, 13,685 ft. ; St. 
Theodule, 10,899 ft. ; the Eiffel, 
8,428 ft.; St. Bernard, 8,115 ft.; 
and the Lake of Geneva, 1,230 ft. 
In experiments made while sitting 
Dr. Marcet finds that there is an 
increase of carbonic acid breathed 
out as a person rises above the 
sea on a mountain excursion, and 
that this is due to the fall of the 
atmospheric temperature, and to 
the cold produced by increased 
evaporation from the body, arising 
from the diminished pressure of 
the atmosphere. In short, more 
carbonic acid is formed in the 
body to counterbalance the in- 
fluence of cold from the causes 
just mentioned. If, on ascending 
to a higher level, we should find 
the same atmospheric temperature 
as we left at the lower station, 
still an increased amount of car- 
bonic acid would be expected on 
account of the cold due to the 
greater cutaneous and pulmonary 
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evaporation. Dr. Marcet experi- 
mented in a dmilar manner while 
ascending hills. Walking np 
rapidlj over rocks and , grass- 
patches yields more carbonic acid, 
the amount being 3*155 grms. per 
minnte, which, he said, was 
attended with the inhalation of 
the largest volume of air breathed. 
Ascendmg quickly at the height 
of St. Th^>dule caused a consider- 
able elimination of carbonic acid 
through the lungs, amounting to 
2*972 grms. On the other hand, 
walking leisurely up hill at the 
St. Barnard gave rise to the pro- 
duction of no more carbonic acid 
than quick walking on the level 
ground at that same station. 

In Case of Drowning.— Dr. 

Howard, who is medical officer of 
the Harbour of New York, and 
who seems to have had a large 
experience in the management of 
persons taken from the water in a 
state of insensibility, gave an 
explanation and demonstration of 
his mode |of treatment, in April, 
1878, at the receiving house of the 
Royal Humane Society, in Hyde 
Park. The principles upon wmch 
he acts are, of course, the same 
which rule the well-known methods 
of Drs. Marshall Hall and Silves- 
ter—those of clearing away the 
water and mucus which prevent 
the entrance of air into the lungs, 
and the imitation of the move- 
ments of the chest in respiration. 
Dr. Howard first empties the 
stomach and passages as much as 
possible of water. For this he 
places the patient face downwards, 
puts a roll of something hard 
under the pit of the stomach, so 
that it is above the level of the 
mouth, and then presses with all 



his force on the back. Afterwards, 
to set up artificial breathing, 
instead of the partial rolling of 
the body or the pumping action of 
the arms now practised, the body 
is laid upon the back with the 
clothes stripped down to the waist. 
The pit 01 the stomach is now 
raised to the highest point by 
something under the back. A 
bundle of clothing or the bodyof 
another man will do for this. The 
head is thrown back, and the 
tongue must be drawn fcnrward by 
an assistant, so as to keep open 
the entrance to the air tubes. The 
hands are passed above the head, 
the wrists crossed, and the arms 
kept firmly extended. In this 
position the chest is fully ex- 
panded. The surgeon, or operator, 
then kneels astride the body, 
places his hands on the lower part 
of the ribs, and steadily and 
gradually makes compression. 
Balancing on his knees he inclines 
himself forward till his face 
nearly touches that of the patient, 
and so lets fall the whole weight 
of his body upon the chest. 
When this has yielded as much as 
it will, he throws himself back by 
a sudden push to his first erect 
position of kneeling, and the elas- 
tic ribs by their expanding bellows 
action draw air into the lungs. 
These manoeuvres must be re- 
peated regularly some twelve or 
fifteen times in the minute. They 
are sometimes quickly successful, 
but may be continued for an hour 
or more with the hope of a good 
result. This proceeding is at any 
rate simple, and it has received 
the sanction of the New York 
Academy of Medicine. 
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lUamination at Sea.—- An im- 
portant advance has been made 
towards solving the problem of 
illumination at sea by an adapta- 
tion of what is known as the 
Holmes's distress si^al, in the 
form of a shot, for illaminating 
purposes, to be fired from mortars 
at ranges varying from five hun- 
dred to two thousand five hundred 
yards. These signals possess the 
remarkable property of emitting a 
very powerful white light the mo- 
ment they come into contact with 
the water, and when once ignited 
are absolutely inextinguishable by 
either wind or water, and burn 
with a persistency tHat is almost 
incredible, thirty or forty minutes 
being an average duration. The 
shot containing this light is con- 
structed so as to be buoyant upon 
the water, and, at the same time, 
with sufficient rigidity of form to 
withstand the concussion of the 
powder. Upon striking the water 
at the required range, the shot, 
floating up to the surface, imme- 
diately bursts into a brilliant flame 
with great illuminating power. 
Half-a-dozen of these shots fired 
from an ironclad or gunboat would 
eflectually surround her with an 
impassable cordon of light at any 
required range, and by such a de- 
vice the enemy's movements of 
attack would become plainly dis- 
cernible, and any attempt to break 
through the illuminated zone of 
light be at once detected, how- 
ever dark the night. 



Reynier's Electric Lamp.— In 

reference to this lamp, M. de Far- 
ville makes the following observa- 
tions in the Bulletin Frangaia: — 
*' With four Bunsen elements we 
have just seen a very pretty elec- 
tric light produced. The elements, 
which can be charged in five 
minutes, may be stowed away in a 
comer, in the cellar, &o., and one 
may be certain of having, during 
three or four hours, a splendid, 
vivid, and at the same time — ^if it 
be sifted through a suitable globe 
— a soft and rosy light. This is 
evidently an important step taken 
in the difficult problem of the 
electrical illumination of apart- 
ments and small workshops.' Let 
us give a brief description of tihe 
new system: When a platinum 
wire is interposed in the circuit of 
a battery, it may be sufficiency 
heated to emit a white light. H 
the wire be replaced by a thin rod 
of gas carbon, this also may be 
heated so as to produce a dazzling 
light. Such is the principle of the 
electric lamps acting by incan- 
descence, of which various forms, 
more or less practical, were shown 
in Paris some years ago. A young 
electrical engineer, m. Eeynier, 
has hit upon the idea of dispensing 
with all these complications, and 
of simply allowing the carbon to 
be consumed. The carbon, raised 
to a red-white heat by the electric 
current, is consumed by ozida- 
tion, like the wick of a lamp ; but 
its cost is not so great as to pre- 
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vent its being replaced in the same 
manner. Tnas is obtained an ex- 
tremely simple electric lamp, which 
is managed with the same facility 
as an ordinary lamp. If mnch 
light is required, the wick is tamed 
np — 1. c, the heated portion of 
carbon rod is augmented ; if less 
light is needed, the wick is tamed 
down. If the lamp is to be eztin- 
j^aished, the circuit is broken ; if 
it is to be re-lit, a knob is turned, 
and the light flashes forth. No- 
thing can be simpler. The system 
is quite elementary. A rod, or 
rather a needle, of carbon, from 
twenty to thirty centimetres long, 
and from one to two millimetres 
thick, is held at one end by a 
metal rod, which tends to descend 
by its own weight, and at the 
other by a caroon wheel, in a 
vertical position. The carbon rod 
is pressed strongly, whateyer may 
be the consumption of the mate- 
rial, against this wheel, which is 
made to turn slowly. The current 
raises the carbon to a white heat 
at the point of contact of the ex- 
tremity of the rod with the carbon 
wheel. The expenditure for char- 
coal is about 10 centimes per 
hour. Thus, a rod costing 30 
centimes (3d.) will last for three 
hours, and without any magneto- 
machine or steam-engine ; but 
with a little battery of four to six 
elements anyone can haye the 
electric light in his own home. — 
Engineer, 

Electric Lighting.— The ques- 
tion of electrical illumination for 
streets passed in 1878 beyond the 
region of yague conjecture, for 
the system was established in 
Paris in the Ayenue and Palace 
de r Opera. The Jablochkoff 
ejBtem tiiere in use was one of 



many which were represented in 
some form or another at tl^e 
Exhibition, and, from the pro- 
minent aUention it receiyed, we 
may assume it to be one of the 
best. 

The old plan of obtaining the 
electric light from battery power 
has long ago been discarded, ex- 
cept for lecture-room purposes, 
where such a light is only wanted 
occasionally — the expense and 
trouble being too fipreat for more 
ordinary uses. Then came the 
inyention of the magneto-electric 
machine, in which the electricity 
can be generated wholesale so long 
as the machine is kept, in rapid 
motion. But here another element 
of expense comes upon the scene, 
in tiie shape of a steam-engine to 
furnish the requisite motiye power. 
Moreoyer, one machine was only 
capable of feeding one light — ^in 
other words, the current could not 
be sub-diyided and dealt with in 
detail, as in the case of gas. 
Another difficulty found in electric 
illumination was the necessarily 
complicated character of the lamp 
itself, or — as we should say in 
speaking of gas — the burner. 

Our readers are no doubt aware 
that the actual light is obtained 
by furnishing the ends of the two 
wires from a source of electricity 
with pencils of carbon. The 
manner in which these carbons 
haye until lately been placed is 
well known. They are attached 
to a box containing a clock moye- 
ment — ^the complicated nature of 
which may be judged when we 
explain the conditions necessary 
to keep the light aliye. In the 
first place, the upper carbon is 
consumed far more rapidly than 
the lower one, so -that both must 
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be moved towards one another at 
different speeds in order that the 
actual light may be kept stationary. 
Moreover, in the event of the light 
ceasing to bnm, the two points 
mast be made to touch one another 
before the current can be re- 
established. The electric lamp, 
in fact, was until lately a most 
complicated and delicate piece of 
mechanism, and withal a very ex- 
pensive one. But in June, of 
1877, M. Jablochkoff brought for- 
ward his electric candle, which 
at once showed that there was a 



other, is got over by causing the 
machine which supplies the 
electricity to give an alternating 
current~^.e., each candle is alter- 
nately positive and negative several 
times in a second — ^their rate of 
consumption being by this means 
exactly equalised. 

One Jablochkoff candle of the 
size found most convenient in 
practice lasts for a little over two 
hours, but by an automatic shunt 
the burnt-out candle is imme- 
diately replaced by a fresh one. 
Each lamp — covered with an opal 



means of burning the electric glass globe to correct the intense 



light without a complicated lamp. 
(See The Year Book of Facts for 
1877.) 

The electric candle as now 
used in Paris is a simple affair. 
It consists of two pencils of com- 
pressed carbon placed side by side, 
instead of being one above the 
other, as in the older system. 
They are divided by a narrow 
strip of plaster of Paris, but 
connected at the top by a narrow 
bridge of carbon. The electric 
current is supplied to the two 
carbons, the circuit is completed 
by the connecting bridge, and a 
brilliant arc of light is established 
between them. The plaster parti- 
tion is a non-conductor of electri- 
city, therefore the two carbons 
are effectually insulated from one 
another throughout their lengths, 
but directly they begin to bum, 
the plaster in its incandescent 
state becomes a conductor at the 
point of fusion, and therefore the 
plaster and carbons bum down 
together like a veritable candle. 
The difficulty that will perhaps 
present itself to our readers, that 
one carbon would still be apt to 
consume more rapidly than the 



glare of the light — contains four 
candles, which one after the other 
are brought into circuit. The 
shunt consists of a bent lever 
somewhat like a common bell- 
crank. Its upper arm is furnished 
with a platinum wire which rests 
against the base of the carbon 
pencils. When the candle burns 
down to the place against which 
the wire leans, the arm falls over, 
as it hafl no longer any support. 
Its lower branch immediately 
makes electrical contact with the 
next candle ; and the same opera- 
tion is repeated as each pair of 
carbons becomes exhausted. 

The possibility of electric illu- 
mination is now reduced to a 
question of pounds, shillings, and 
pence. The Strand was effectively 
lit up during the winter of 1878 
by some electric lights contained 
in globes which were hung outside 
the Gaiety Theatre. The principle 
on which they were worked is 
known as the Lontin system. 

It is evident, with so many 
workers in the field, that the daj 
is not far distant when electric 
lighting will form an important 
industry. It cannot entirely super- 
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sede the use of gas, alihongh in 
a great measure it mnst sup- 
plant it. Meanwhile the gas 
companies may take the wise pre- 
caution of reaucing the price of 
that of which they have the 
monopoly, and people will not be 
too anxious to welcome their rival. 
That they can easily afford to do 
so is proved by their balance 
sheets, without entering into con- 
sideration of the fact that the by- 
products of their manufacture 
have lately become so valuable 
that little or no waste is left upon 
their hands. 

The Lontin Electric Light- 
So far as the illumination of open 
spaces, streets, and houses is con- 
cerned, the future, supposing gas 
to be to a certain extent super- 
seded, appears to lie between the 
Lontm and the Jablockhoff light. 
The Siemens light has proved of 

great value for the purposes of 
ghthouses, where great intensity 
is desired. For ordinary uses, 
however, the problem is to mode- 
rate, not to increase, the intensity 
of the li^ht. The Jablockhoff 
and Lontiu lights have many 
points in common. The points 
of importance in each are the 
generation of the electricity by a 
machine, the distribution of the 
current, and the supply and regu- 
lation of the '* candles." To the 
Jablochkoff lights the electrical 
force required is supplied by a 

gramme electrical machine. The 
ontin light is worked by a ma- 
chine invented by M. Lontiu him- 
self. It produces at will a unique 
current or multiple currents, di- 
rect currents, and inverted cur- 
rents. These can be distributed 
on several circuits. A great 
advantage in distribution is thus 



obtained. The machine produces 
several focuses of lights which can 
be entirely independent of one- 
another. With a single machine 
36 liffhts have already been pro- 
duced. The motive force employed 
to produce a light equal to 100 
Garcel burners is hadf a horse 
power. A Garcel burner is a con- 
ventional measure, the standard 
of which is a Garcel lamp burning 
42 grammes of purified colza oil 
in an hour. The electric force 
having been produced by the 
Lontin machine is conducted to- 
wards the "candles." In 1813 Sir 
Humphry Davy took two hot coals, 
put them in contact, and made a 
voltaic current pass through them. 
He then slightly separated them, 
and saw between them a bow of fire, 
which he called the electric arc. 
The " candles " of the Jablochkoff 
and Lontin lights are sticks of 
carbon representing the coal used 
by Sir Humphry Davy. M. Jab- 
lochkoff employs koalin in addition 
to carbon in a very ingenious 
manner, but the main superiority 
which the modern manufacturers 
of electric lights have over Sir 
Humphry Davy is in the superior 
economy with which electric force 
is now elicited. The carbons are 
vertically placed, one above the 
other, in the Lontin light as in 
that of M. Jablochkoff. The light 
comes not onlv from the electric 
arc between them, but also from 
the carbon candles themselves, 
which become incandescent and 
are consumed. A clock-work re- 
gulator advances them as they 
waste away, and it is stated that to 
such perfection has this contri- 
vance been broughtthat, for a week 
or more, the lights at the Gaiety 
mentioned on p: 125 required no 
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adjustment daring the four honrs 
for which they burned every 
night. Haying once been set, the 
re^lator each night advanced the 
points without any aid whatever. 
At Paris little accidents are not 
unfrequent with the electric light. 
The Avenue de TOpera is occa- 
sionally left in sudden darkness 
by some contretemps, and any- 
thing which renders this result 
unlikely to happen is, of course, 
an improvement. A Lontin light 
exhibited in experiments at the 
Paris Exhibition has remained 
luminous for 21 hours. The Lon- 
tin regulator and the Lontin ma- 
chine are, it will have been seen, 
the speciality of this invention. 

The advantages which this, like 
the other systems of electric light- 
ing, possesses over gas, have Seen 
summarized as follows : — Gas 
emits a fetid odour ; the electric 
light is without smell. Gras may 
occasion explosions and fires ; the 
repairing of the pipes is often 
difficult; great heat is developed 
together with the light ; the flame 
is always coloured even when gas 
has been completely purified. In 
the transmission of the electric 
light the pipes are replaced by 
wires; the voltaic arc diffuses very 
little heat (the hand may be held 
with impunity 12 inches above the 
Gaietv lamps), and the light at- 
tained is white, perfectly com- 
pounded of all the colours in the 
spectrum, like sunlight. Indeed, 
it is so white that spinners and 
dyers can utilize it for sampling 
their stuffs. It may be added 
that the appearance of the lamps 
when sufficiently roughened glass 
is used is very beautiful. 

More about Electric Lighting. 
— Mr. Jamin, of the Academy of 



Sciences, Paris, has embodied in a 
paper on this subject many par- 
ticulars of interest to general 
readers. The Gramme machine^ 
he says, and the Jablochkoff candle 
have made the application of 
electricity to purposes of illumi- 
nation, a fact beyond doubt The 
carbon-points of a powerful 
machine are equal to the sun in 
lustre. It is even possible that 
this limit may be overpassed, for 
our sun does not occupy the first 
position in the universe. It is a 
star already old, the cooling of 
which is much advanced, and 
whose yellowish light begins to 
approach that of terrestrial flames. 

In quantity and quality the 
electric light greatly exceeds all 
flames ; and it is precisely this 
immense profusion of illuminat- 
ing power that is regarded as 
objectionable. But nothing is 
easier than to reduce the lustre 
of the light to any degree that 
may be desired; it is only 
necessary to cover the arc with a 
large opalescent globe. This, 
while hiding the hght, receives 
all the rays, and disperses them 
in the same way as if the globe 
itself were luminous. 

A light, to be applicable for 
purposes of illumination, should 
contain the seven primitive colours 
of the spectrum in certain pro- 
portions. The flames of oil and 
gas do not contain the true pro- 
portions, which is the cause of 
their inferiority. The light from 
the carbons of the electric light 
is white — absolutely the same as 
that of the sun — and contains all 
the simple rays in the same pro- 
portions. It IS complete and per- 
fect, and replaces daylight without 
any modification. It is not the 
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same with tbe arc itself, wliich is 
violet blue, and fives to electric 
illumination the blaeish tint which 
has been objected to with reason. 
Bat it is a fault of excess, which 
can be remedied, for while the 
missing rays cannot be added to 
easlight, the snperflnons rajs can 
be removed from the electric lisht. 
Uranium glass and many otner 
substances famish the means of 
suppression. This suppression is 
necessary in other respects, for 
the objectionable rays are said to 
attack the humours of the eye 
and to be the origin of grave 
diseases. 

In ordinary combustion a large 
amount of heat is produced, and 
noxious products are thrown off; 
but the electric light does not 
vitiate the atmosphere, and makes 
very little heat, which every one 
will recogniseas important merits. 

The conditions of good electri- 
cal lighting must be determined 
by a study of the general illumina- 
tion of objects during the day. 
When the sky is clouded, the sun- 
light pierces the clouds as through 
a ground glass, and the whole 
skj is like an immense illuminated 
ceiling, radiating light from every 
point and in all directions. The 
objects illuminated diffuse in their 
turn the light which they receive, 
so that there is an intercrossing 
of rays, producing the effect of a 
mean amount of light everywhere : 
this is general illuminahmi, and 
is the model that must be followed. 
The ceilings, walls, and floors 
must be well illuminated, so that 
the diffused light may be radiated 
into the empty spaces ; and that 
the quantity maj be the same 
everywhere, it will be necessary 
to multiply the sources of light. 



and to cover all the openings bj 
which it msLj escape. 

The exterior light enters by the 
windows during the day, and it is 
bjr them that the nocturnal illu- 
mination escapes. When Mr. Jab- 
lochkoff introduced electric light- 
ing into the laboratory of the 
Sorbonne, the feeble effect it pro- 
duced was astonishing. The build- 
ing is covered with a glass roof, 
by which it is well lighted during 
the day, but which allowed the 
escape of at least one half of the 
light produced by the electric 
candles. This wasted light illu- 
minated the high walls of the sur- 
rounding buildings, and gave a 
brilliant but useless illummation 
in the court. The experiment 
would have succeeded had the roof 
been covered with a thick white 
coveriug to throw down the light 
80 prodigally wasted. 

The same thing happens with 
j^as, and will occur with electricity 
in the illumination of public 
places. All lamps waste half 
their light in radiation towards 
the sky. A simple reflector would 
return it to the ground and 
double the illumination. 

These conclusions have been 
tested, and visitors to Paris to the 
Universal Exhibition saw there a 
street lighted by electricity, which, 
as described, was as clear and 
diffusive as moonlight. — Cham- 
hers* 8 Journal, 

New Application of Gas for 
Lighthouses.--Mr. J. R. Wigham 
read a paper before the Dublin 
Meeting of the British Associa- 
tion, on " New Application of Gas 
for Lighthouses.'*^ The paper 
consisted of three separate parts, 
the first being on the Quadri- 
form Group Flashing Light. 
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Galley Head was a promontory 
on the coast of Cork, in the neigh- 
bourhood of which there have been 
seyend shipwrecks. The Commis- 
sioners of Irish Lights therefore 
determined to place npon it the 
moet distinctive and powerful 
light which they could obtain. 
With this view, they adopted the 
Quadriform Group Flashing Gas 
Light. Those Commissioners were 
thie first lighthouse authorities to 
make use of gas as an illuminant 
for important lighthouses. They 
had done him the honour to adopt 
the arrangements and burners 
which he had from time to time 
devised. His aim had been to com- 
bine the greatest possible intensity 
with the greatest possible volume 
in the gas flames which he em- 
ployed. The power of the burner 
was obtained by a peculiar arrange- 
ment of fishtail jets, and by sus- 
pending over the flame an " oxidi- 
ser,"«by means of which the cur- 
rent of air was brought in contact 
with the most smoky part of the 
flame, rendering it not onlj smoke- 
less but exceefingly white. The 
oxygen of the air was twice made 
use of ; first, through the bottom 
of the flame ; and secondly, at the 
top, where its action raised to a 
white heat a large quantity of 
solid carbon found there. The 
burner was superior to any form 
of Argand burner in this im- 
portant particular, that it re- 
quired no chimney-glass, and the 
cleaning and breaking of chimney 
glasses had caused considerable 
inconvenience in lighthouse main- 
tenance. 

The second portion of the paper 
was on the combined gas and 
electric light for lighthouses. 

It had occurred to him that if 



he could add some intenser ligh 
to his large gas burner, so that it 
would not be used except in bad 
weather, a great improvement 
might be enected. He made 
many experiments, and at length 
arranged for what he termed a 
core for his burners. At first he 
used as the simplest and least 
expensive a rich hydro-carbon 
flame, intensified by oxygen ; but 
he preferred the electric light, 
because of its greater intensity 
and the facility with which it 
could be applied. It was only 
intended to be used during fogs, 
so that no extra expense was in- 
curred at any other time, but no 
expense should be spared when 
there was a possibility of saving 
hunian life. 

The third branch of the paper 
dealt with a mode of lighting sea 
beacons from a position on shore. 

When it was desired to main- 
tain lights on beacons to which 
access by boat was difficult or 
expensive, gas, properly dried by 
chloride of calcium, might be ap- 
plied as the means of illumination. 
The gas station on shore might 
command any number of beacons, 
which might be simultaneously 
lighted. During the day-time gas 
was supphed at a pressure equal 
to a column of water six inches 
high, to maintain a small jet in 
the lanterns on each beacon. The 
high pressure prevented the jet 
from being blown out by the wind, 
and the arrangement which he 
had devised enabled the operator 
to turn on the flame or diminish 
it to a small jet, as easily as the 
same result could be accomplished 
in the case of an ordinary light 
burning in an ordinary dwelling 
house. — Iron, 
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XVII.— ENGINEERING. 



The Longest Span Bridge in 
the World.— The longest span or 
truss bridge in the world has been 
successfully completed by theKey- 
stone Bridge Company in America 
—the bridge having been built for 
the Cincinnati Southern Railway 
over the Ohio river. This span 
(No. 3) is one of eleven, and is 
519 feet loner ; it is over the main 
current The bridge is built en- 
tirely of iron, except the cross ties 
for the track and the guard rails. 
All the spans rest on soHd masonry 
piers, except the north-end ap- 
proach, which has iron piers with 
masonry bases. All the river piers 
are on a rock foundation. The 
two supporting the long span are 
110 feet and 119 feet high, and 11 
by 26 feet under the coping. 

Balance Pumps.— Wiith a view 
to reduce the cost of raising water 
either from mines or pits, or in 
any other cases where lar^e bodies 
of water have to be raised, Mr. 
Edwin Bourne, of Shifnal, Salop, 
has patented an improved pump. 
The lower valve and the bucket 
and clack are of the ordinary kind, 
having a stuffing box or cover im- 
mediately above them ; the water 
is then diverted from the straight 
column by a branch pipe in a right 
line with the lower pipe, having 
at its top or upper end a second 
valve. This branch pipe then takes 
into a pipe, which continues the 
main column which has been 
broken, as before mentioned^ and 
it is open at its lower end, and the 



water is supported on a plunger 
worl^ing within it. Thus the water 
is lifted to the desired elevation, 
and is by preference forced into a 
suitable tank. The pumps are 
worked in pairs, and fitted with the 
foUowing arrangement of parts :— 
The pumps are fixed side by side 
at a convenient distance, and im- 
mediately above them is provided 
a suitable fulcrum, on which is 
fitted a lever of the desired length, 
and to this lever is attached the 
pump rods. At both the extreme 
ends of this lever is provided a 
suitable box or tank, which is fitted 
with valves at the bottom. When 
it is desired to commence pumping, 
water is raised into the firstrmen- 
tioned tank. — Mining Journal. 

Tube Wells for Large Sup- 
plies. — A paper on " Tube Wells 
for large supplies and in various 
strata " was read before the 
Society of Engineers, in the close 
of 1877, by Mr. Robert Sutcliff. 
Mr. Sutcliff observed that in lay- 
ing down plant for obtaining large 
supplies of water, a number of 
tube wells were coupled together 
by horizontal mains, so that one 
pumping engine drew from many 
tubes. In tnis way, for the last 
eight or nine years, the leading 
breweries in Burton-on-Trent have 
obtained the bulk of their water 
supphes. Messrs. AUsopp and 
Sons pump 600,000 gallons daily 
from 30 three-inch wells, and 
Messrs. Bass and Co. 600,000 gal- 
lons from 25 tubes. Thus in one 
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town two breweries are obtaining 
sufficient water for a town of 
40,000 inhabitants. Although some 
of these Burton wells are within a 
stone's throw from the Trent, the 
quality, level, and temperature of 
the water differ from those of the 
river water. The town of Car- 
marthen, in Wales, is supplied by 
10 two-inch tube wells. In sandy 
soil strainers or filters are used, 
which prevent sand coming into 
the tubes. A tube well was sunk 
in a very fine sand at Chislehurst 
by pumpincT up six barrow loads 
of 8an(f and replacing it with 
gravel. One advantage of the 
gravel filter is its imperishability, 
and if made sufficiently large the 
velocity of the water is not suffi- 
cient to bring the grains of sand 
within the area acted upon by the 
pump. The author observed that 
in rocks and other hard strata 
the method of sinking tube wells 
was similar to that employed in 
making artesian borings, but the 
mode of pumping and develop- 
ment of supply were entirely pecu- 
liar to the tube- well system. 
Bored tube-wells can be made 
through any stratum and to any 
depth that an ordinary artesian 
boring can reach. Mr. Sutcliff 
thought it possible that coupled 
tube-wells in the chalk might solve 
the problem of providing London 
with pure water. 

Building a Lighthouse.— The 
lighthouse near the Isle of Sein, 
on the Breton coast, now being 
built, presented great difficulties 
of construction at the beginning, 
according to Bngineervnq. The 
lighthouse was to be built on a 
hard gneiss rock, from 40 to 50 feet 
long and 25 feet wide, and the 
preUminary works could only be 



executed by the neighbouring fish- 
ermen, familiar with the waters. 
Accordingly, when the weathei 
was favourable, two men wearing 
cork belts got out of their boate 
and lay on the rock, clutching the 
ground with one hand while they 
made holes, at intervals of three 
feet, with the other. While doing 
this they were covered with spray, 
and were often swept off by the 
waves. In 1867 only eight hours' 
work could be accomplished on 
the rock, and only 15 noles were 
made, but 40 holes were finished 
in the following year, and in 1869 
the building itself was commenced. 
A Deep Artesian Well.— There 
is now being bored at Pesth an 
Artesian well which will be deeper 
than any made hitherto. A grant 
of 1,000,000 f r. has been made to 
the engineers by the town on con- 
dition of furnishing an unlimited 
supply of hot water for the muni- 
cipal establishments and public 
baths. The depth of the well is 
at present about 951 metres, and 
the temperature of the water is 
about 161° F. The work will be 
continued tQl the temperature is 
178° F. The well furnishes daily 
790,000 litres of hot water, rising 
to a height of 10*50m. This quan- 
tity of water will not only suffice 
for all the wants of the town, but 
will transform the environs into a 
sort of tropical garden. The upper 
layers have furnished some inte- 
resting data to geology. Among 
the mechanical inventions to 
which this undertaking has given 
rise • may be specially noted an 
apparatus in which the water es- 
caping from the well is utilised as 
a motor force imparting to the 
borer a velocity twice that which 
it had before. 
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XVIII.— MINES AND MINING. 



A Bfile of Coal.— llie ont-pnt 
of coal in the British Islands in 
1877 amonnted to 132,000,000 
tons. A popular notion is that a 
great part of the crust of the 
earth is becoming used np b^ 
mining operations, and that if 
the soil that has been dug ont of 
our mines were piled np it wonld 
make quite a mountain range. 
Let us reduce this to figures. 
A cubic mile is equal to 147,198 
millions of cubic feet, and allow- 
ing 29i cubic feet of coal in the 
solid to wei^h a ton, we get just 
5,000,000,000 tons of coal in one 
cubic mile, and this is a greater 
weight than all that has jet been 
raised in the British Islands. 
According to the most reliable 
statistics, the end of 1878 will| 
about just complete the first cubic 
mile of coal, exclusive of waste in 
mining. If our fuel had been 
stored in mountain heaps on the 
surface, instead of being buried in 
the bowels of the earth, a very 
small mountain range indeed 
would have been equivalent to all 
the coal fields available to man in 
the whole of our earth. — Nmdical 
Magazine. 

A New Mineral.— Just before 

leaving Europe in the autumn of 
1878, to attempt the North-East 
Passage, Professor Nordenskjold 
sent to the Paris Academy of 
Sciences an account of a new 
mineral recently found in Sweden, 
and which he has named Thauma- 
fiite (** the wonderful "). Professor 



Nordenskj6Id*s paper states that 
the mineral has been carefnllT 
studied by his assistantyM.G. Lindf- 
strom. Thaumasite has been met 
with in (1) specimens brought by 
Professor Nordenskjold from the 
Gustav and Garlsberg mines, or 
the Bjelke mine at Areskustan, in 
1859 ; (2) specimens of an old 
Swedish collection from the same 
mines 100 years ago, by M. Pol- 
heimer,minmg engineer ; (3) other 
specimens brought from the same 
mines this year, at Professor 
Nordenskjold s request, after the 
analysis of Nos. 1 and 2 had shown 
the strange composition of the 
substance, which contains at once 
silicic acid, carbonic acid, and 
sulphuric acid. The microscopical 
I analysis shows that the mineral 
is a genuine new species, and not 
a mixture. It appears to Pro- 
fessor Nordenskjold that the 
curious composition of the mineral 
is very important for a knowledge 
of the transformation which the 
materials of rocks undergo, and 
he is convinced that thaumasite 
will be found in other mines when 
once the attention of mineralogists 
has been drawn to this interesting 
substance. 

An Instrument for Determin- 
ing the Prospect of Fire-Damp 
in Mills. — Prof. G. Forbes read 
a paper before the British Associa- 
tion, at their Dublin Meeting, 
describing an instrument for 
detecting fire-damp. The instru- 
ment consists of a resonator of 
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variable dimensions, and a tuning 
fork of definite pitch. The re- 
sonator is a metal tube 1 in. in 
diameter, and 15 in. long, in which 
a piston slides so as to regulate 
the length of the tube. This tube 
is fixed in a block of wood, to 
which is attached a tuning fork, 
whose points are just above the 
open end of the tube. The tuning 
fork is sounded in any convenient 
way, and the piston is moved out 
and in till the proper length is 
found, which is inaicated by the 
resonator intensifying the sound 
of the tuning fork. With practice 
the length can be determined with 
tolerable accuracy. But the length 
depends upon the density of the 
gas, a light gas requiring a longer 
resonator, and by reading off on a 
scale the position of the piston a 

?erson can judge of its density, 
n this manner 1 or 2 per cent, 
of fire-damp, mixed with common 
air, can be detected. Borametric 
pressure produces no difference 
on the instrument. The tempera- 
ture correction is made by reading 
off a tiiermometer of the proper 
dimensions, instead of readmg off 
a fixed mark on the piston. The 
only error possible is by the 
presence of dense carbonic acid 
gas. But carbonic acid gas tends 
to destroy the explosive character 
of fire-damp, and it appears that 
if the presence of carbonic acid 
prevented the instrument from 
indicating fire-damp, it would 
certainly be sufficient to prevent 
the explosive character of the fire- 
damp. 

The New Metal " GaUium."— 
A lecture on the new metal, gal- 
lium, was 'delivered by Professor 
Odlin at the Eroyal Institution in 
the close of February, 1878. The 



Professor said that the number of 
kinds of matter known to che- 
mists which they have not suc- 
ceeded in decomposing, but can 
trace undecomposed through dis- 
tinct series of combinations, is 64. 
These have been roughly claissified 
into metals, semi-metals, and non- 
metals, the first class being con- 
siderably the most numerous, and 
the several classes merging gra- 
dually into one another. The 
latest known of the non- metallic 
elements is bromine, which was 
discovered in 1826 by the eminent 
French chemist, recently deceased, 
M. Balard. Within the last 20 
years, however, five new metallic 
elements have been discovered, 
being at the average rate of one 
new element every four years ; 
while some evidence of the identi- 
fication also of yet a sixth new 
metallic element has recently been 
put on record. But the latest 
known of the fully-made-out new 
elements is gallium, which was 
first recognized by M. Lecoq de 
Boisbaudran,in the autumn of the 
year 1875, and so named by him 
in honour of the land of its dis- 
covery, France. Like its four 
predecessors made known within 
the last 20 years, gallium was 
discovered by the process of spec- 
trum analysis, applied in this in- 
stance in a special manner con- 
trived by the ingenuity of M. de 
Boisbaudran himself, long eminent 
as a spectroscopist. The spec- 
trum of gaUium is charactenzed 
by two marked violet lines, the 
less refrangible of them being 
especially brilliant. Hitherto the 
new metal has been recognized 
only in certain varieties oi zinc- 
blende, that of Piercefitte in the 
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chief portion of galliam hitherto 
obtained from any source 'what- 
ever — nearly half a ton of this 
ore having been employed by M. 
de Baisbaadran to furnish the 
dozen grains or so of metal where- 
with he has been able to establish 
the leading properties of the ele- 
ment. In its appearance gallium 
manifests a general resemblance 
to lead, but is not so bine-tinted 
or quite so sofb, though it is 
readily malleable, flexible, and 
capable of being cut with a knife. 
Like lead again, and nnlike zinc, 
galliam is not an easily volatile 
metal. Unlike lead, however, it 
acquires only a verj slight tarnish 
on exposure to moist air, and un- 
dergoes scarcely any calcination 
nt a red heat. The specific gravity 
of gallium is a little under 6, that 
of aluminum being 2*6, that of 
zinc 7*1, and that of lead 11*4. 
A most remarkable property of 
gallium is its low melting-point. 
it liquefies completely at 8(5 deg. 
F., or below the neat of the hand ; 
and, still more curionely, when 
once melted at this temperature 
it may bo cooled down even to the 
freezing-point of water without 
solidifying, and may be kept un- 
changed in the liquid state for 
montnp. Indeed, in the original 
communication of its discovery to 
the French Academy, it was de- 
scribed as a new liquid metal, 
similar to mercury ; but on touch- 
ing with a fragment of solid gal- 
lium a portion of the liquid metal 
in this state it at once solidifies. 
Unlike lead, again, gallium is a 
highly crystalline metal, its form 
being that of a square octahedron. 
In its chemical habitudes the rare 
element gallium shows the greatest 
analogy to the abundant element 



aluminum. In particular it forms 
a sort of alum not to be distin- 
guished in its appearance £rom 
ordinary alum, but containing 
oxide of gallium instead of oxide 
of alnminum or alumina. 

But the chief interest d gal- 
lium, from a scientifio pofmt of 
view, is connected with the history 
of its discovery. All previonsly 
known elements have oeen dis- 
covered, BO to speak, accidentally, 
and their properties have been not 
in any way foreseen, but rather 
met With as subjects of surprise ; 
but the blende of Pierrefitte was 
deliberately taken up for exami- 
nation by M. Leco<^ de Boisband- 
ran in the expectation of finding 
a new element — an expectation \x> 
which he was led^ in the course of 
his study of the spectra of known 
elements, by a train of specula- 
tion of which he has not yet made 
known the details. The existence 
of an element having the charac- 
teristic properties of gallium was, 
moreover, upon entirely different 
grounds, predicted very definitely 
by a Russian chemist, M. Men- 
delejeff, in 1871) and in a more 
general way several years earlier 
by an English chemist, Mr. New- 
lands. This double prediction 
was based on a study of the rela- 
tions of the known atomic num- 
bers of the elements. These 
numbers have only lately been 
perceived to form a tolerably con- 
tinuous seriation, which, again, is 
associated in a remarkable manner 
with the seriation in properties of 
the elements themselves. In the 
series of numbers, however, cer- 
tain terms are here and there 
missing, and in particular a num- 
ber was missing which should be- 
long to an element having proper- 
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ties intermediate between those 
of aluminnm and iridium. What 
these properties would be was 
predicted in most minute detail 
by M. Mendelejeff in 1871. He 
predicted, for example, that the 
specific gravity of the missing 
metal would prove to be about 
.5*9. Operating on very small 
quantities, M. de Bossbaudran, in 
the first instance, found the spe- 
cific gravity of gallium to be 47 ; 
but on repeating his determina- 
tiou in 1876, witn special precau^ 
tions and on a somewhat larger 
though still very small scale, he 
found it to be exactly 5*935— cer- 
tainly a most remarkable fulfil- 
ment of the prediction in regard 
to it 

A Mountain of Tin.— Tasma- 
nia, or Yan Dieman's Land, the 
large island to the south of Aus- 
tralia, is becoming noted for the 
quality and extent of its tin sup- 
plies. Four years ago the value 
of its exports of tin and ore was 
$35,000, while last year they 
amounted to nearly 11,600,000. 
One of the most productive re- 
gions was the Mount Bischoff dis- 
trict, but this has been eclipsed 
by the discovery of a tin mountain 
at Mount Heemskirk, on the west 
coast. The " wash-dirt " is some 
20 feet thick, and produces about 
25 per cent, of tin ; but the exist- 
ence of solid seams of the metal, 
traversing the mountains in veins 
several feet in depth and width, 
has been demonstrated. Some 
" nuggets " weighing several hun- 
dred-weight each have been found, 
yielding nearly cent, per cent, of 
pure metal. Mixed with the tin, 



too, is a small quantity of gold* 
about 10 oz. to the ton, not suffi- 
cient in itself to render it worth 
seeking, but adding considerably 
to the tin miners' profits. — Iron, 

The. Mineral Statistics of 
Victoria.— We have received the 
" Mineral Statistics " of Victoria 
for the year 1877. From this 
volume we learn that the esti- 
mated yield of gold in that year 
was 154,107 ounces less than the 
quantity obtained in 1876. The 
falling off in the yields of gold 
from alluvial deposit is remark- 
able ; in 1868, 1,087,502 ounces 
were obtained, but in 1877 only 
289,744 ounces ; but the results 
of quartz mining continue nearly 
the same, 597,416 ounces of gold 
being produced in 1868, and 
519,899 ounces in 1877. Of coal 
they raieed in this colony during 
the year 1877, 8,971 tons, valued 
at £13,505. 

A Warning Bell.— Mr. Coret has 
invented what he calls a self- 
acting thermo-signal, which by 
ringing a bell makes known to 
allwitbin hearing when an axle 
or any other part of an engine is 
over-heated. It is a small brass 
cylinder, containing a system of 
flexible metal disks, and a dilatable 
liquid, which is to be fixed to the 
part liable to over-heating. While 
all goes well the instrument 
makes no sign ; but as the tem- 
perature rises the liquid dilates, 
forces out a small metal pin at the 
end of the cylinder, which, as the 
wheel revolves, strikes a bell, and 
thereby warns the attendants. 
Thus the necessity for constantly 
watching an indicator is avoided. 
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Wasted Water-Power.— In a lec- 
ture lately published, Dr. Siemens 
fives ns some comfort with re- 
ference to the threatened ezhans- 
tion of onr coal-fields. He tells us 
that a time may come *'when our 
descendants will look back upon 
the indiscriminate users of coal 
with something like the same feel- 
ing that we look back upon the 
users of flint and bronze instru- 
ments." He argues that we should 
make use of water-power as onr 
forefathers did. But, whereas 
they had no means of transporting 
sucn power to any distance, we 
rjin do so by means of dynamo- 
electric machines and copper 
wires. He calculates that the 
amount of force which is con- 
sstantly being wasted at the Falls 
of Niagara, for instance, repre- 
sents an aggregate of 1(5,800,000 
horse-power. To make the matter 
more plain, he fetates that to find 
sufficient power to represent this 
lost force — i.e., to pump the water 
back again — we should require an 
amount of coal equivalent to the 
total coal consumption of the world. 

The Lubricator of the Future. 

— Everyone who ii^ anything to 

do with machinery"^Jmows the 

difficulties which sum^und the 

question of lubrication. It is then 

with much satisfaction that we 

call attention to a new and ad- 

mirahle Inhnc&tor, patented by a 

Mr. Hardinge, bnt oi which Mr. 

George Chapman, of 109, Fen- 

eliurcli Street London, E.G., is 



both proprietor and manofactarer. 
This valuable contrivance is per- 
fectly telf-acting in principle and 
universal in application— in fact, 
it is all that could be desired, and 
bids fair to entirely supersede every 
other lubricating apparatus hither- 
to in use. The " Hardinge " lubri- 
cator claims attention upon the 
score of three recommendatory 
qualities — simplicity, efficiency, 
and economy. It is made in five 
different classes, and is adapted 
for use with machinery of every 
kind and size. From its auto- 
matical action the most minute 
economy in the use of the lubricant 
can be prcctised, the supply being 
regiilited to the actual require- 
ments of the machine in use, and 
ceasing simultaneously with the 
stopppge of the machinery or en- 
gine. 

The five descriptions of the 
lubricator, as manufactured by Mr. 
George Chapman, are as follows : — 
No. 1 is made of gun-metal, and is 
adapted for supplying oil, tallow, 
or suet upon the piston of steam- 
engines, &c. It ensures an equal 
distribution of the lubricant over 
the entire interior of the cylinder, 
the supply being regulated with 
great nicety by a set screw plug 
pressing into a minim chamber and 
fixed by the driver. The inventor 
fairly enough, we think, claims 
that by no other than the ** Har- 
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fiteam and other engines be effici- 
ently, automaticallj, and economi- 
cally performed. — No. 2 is of brass, 
and supplies oil to loose pulleys 
and running wheels. It has a 
movable fluted centre pin, which 
is 80 weighted as to ensure its 
prompt descent into the feed-tube 
as the axis revolves, thus render- 
ing waste impossible.— No. 3, es- 
pecially adapted for bearings of all 
kinds, can be obtained in tough- 
ened glass, and has a neck and 
stopper, so that oil can be intro- 
duced without removing the lubri- 
cator. It is fltted with a metal 
tube and three fluted pins of dif- 
ferent make, the depth of the 
grooves enabling various qualities 
of oil — light, medium, or heavy — 
to be used, and rendering the 
cheaper sorts of oil as suitable as 
the more expensive kinds. — No. 4 
is also a lubricator for bearings and 
journals. It is precisely similar 
to No. 3, but more cheaply made, 
the metal conducting tube being 
passed into the glass cup through a 
common kind of brass cap, or a 
wooden plug. Another special 
description is the "pendulum" 
lubricator, adapted for connecting 
rods, cranks, eccentrics, &c. The 
discharge of oil in this form of the 
lubricator is regulated by the 
movement of the pendulum, which 
in its turn is put in motion by 
the oscillation of the crank or 
what not to which it is affixed, 
and as the machinery thus fur- 
nishes and controls the supply 
of its own lubricant the personal 
attention of an engineer is un- 
necessary, and the risk of misad- 
venture through neglect and inat- 
tention is entirely obviated, as a 
constant and regular supply la 
ensured. The "pendalam" lubri- 



cator is particularly valuable for 
use with marine en^^nes, and the 
quantity of oil required for a voy- 
age can be ascertained with un- 
usual accuracy before the vessel 
starts. " Fifty per cent," remarks 
a writer in the British and Mer- 
cantile Gazette, alluding to Mr. 
Hardinge's invention, *' is a savins^ 
well worth consideration, and sucn 
is stated to be the result of the use 
of the *Hardinge* lubricators ; and 
remembering the entire absence of 
waste and the utilisation of coarser 
lubricants which can be effected 
by means of them, we can well 
understand that such is really the 
case." Mr. George Chapman 
has received many complimen- 
tary and gratifying opinions on 
his invention from the chief en- 
gineers to the Admiralty, from the 
Metropolitan Board of Works, as 
well as from the leading mechani- 
cal engineers of the day. With 
so many advantages as it undoubt- 
edly possesses, there can be no 
doubt that the " Hardinge " lubri- 
cator only has to be known ia 
order to receive an eager adoption 
by the machinery-using section of 
the public throughout the world. 
New patents, we understand, are 
now being secured by Mr. George 
Chapman for further improve- 
ments in lubricators. 

Babbage's Analytical Engine. 

— A committee report on Bab- 
bage's Analytical Machine was 
rendered to the British Associa- 
tion at their Dublin Meeting in 
1878. After describing the prin- 
ciple of the machine, it states that 
it has not been possible to form 
any exact conclusion as to the 
cost. "5^^N«t?0cL'^'«es^^Ni^'et^'^^ 
data, m w^\»«iiRfc ^\^^ v^>gs^^_^ 
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Babbage, in his published papers, the Dablin Meeting of the BritLsh 
talks of having 1,000 colnmns of | Assodationy by Mr. J. Price, 
wheels, each containing 50 dis- The average force exerted by the 
tinct wheels. This apparently | wind all over Ireland equalled 360 
refers to his " store.*' Besides the , million horse power. Wind engines 
many thousand moulded pewter are now made which are self-acting, 
wheels for these, and the axes on ' so as to provide against the effects 
which they are mounted, there is I of storms. Small towns and vil- 
the " mill," also consisting of a I lages had not the means of bring- 



series of columns of wheels and of 
avast machinery of cams, clutches, 
and cranks for their control and 
connection, so as to bring them 
within the directing power of the 
Jacquard systems of variable 
cards and operation cards. With- 
out attemptmg any exact estimate, 
the committee say that it would 
surprise them very much if it were 
found possible to obtain tenders 
for less than £10,000, while it 
would cost a considerable sum to 
put the design into a fit state for 
obtaiDing tenders. On the other 
hand, the cost might reach three 
or four limes the amount above 
suggested. It is understood that 
towards the close of his life Mr. 
Babbage had contemplated carry- 
ing out the manufacture of tne 
engine on a smaller scale, confining 
himself to 25 figures instead of 
50, and to 200 columns instead of 
a thousand or more. This would, 
of course, reduce the expense of 
the metal work proportionately, 
but not materially. The con- 
clusion at which the committee 
arrived was that they could not 



ing water from a distance, and 
might be supplied by deep wells 
and pumps worked by wind- 
engines at a very low cost. The 
same force might also be used for 
the removal of sewage from small 
towns by the infiltration process. 
Al horse-poveerwind-engine would 
suj£ce to keep one hundred acres 
of land drained. The same power 
might with advantage be employed 
in the drainage of bogs and the 
manufacture of peat. He believed 
that if Ireland were fully drained 
and properly tilled, the climate of 
that country would rank equal to 
that of England for the produc- 
tion of cereals. 

A Novel Method of Sharpen- 
ing Files- — The sand-blast in- 
vented by Mr. Tilghman has been 
utilized for the re-sharpening of 
worn files in a manner which pro- 
mises to prove of some importance 
in our workshops. A few years 
ago that gentleman discovered that 
by driving a minute column of 
sand against sundry hard sub- 
stances, their surfaces were abraded 
in a remarkable manner. For in- 



advise the British Association to I stance, a sheet of glass, covered in 
take any steps to procure the I parts by a protecting cover of 
construction of Mr. Babbage's paper or other material, could be 
analytical engine. embossed or engraved in any 

Wind Power.-— A paper ** On ! desired pattern ; and the efiects 
the Use of Wind-Power for Eais- thus produced were realized in 
ing Water, and the Disposal of ; many ways, and with other mate- 
Sewage and Drainage, with SpeciaV rials than glass. Becent experi- 
Meference to Ireland," was read at ments have demonstrated the 
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power of the sand-blaat to re- 
sharpen worn files. The jet of sand 
is forced against the backs of the 
teeth of a Hie in such a way that it 
grinds them sharp ; and practical 
experiments have demonstrated 
that files so treated may be re- 
sharpened several times, and are 
capable of doing abont six times 
the usual amount of work before 
being re-cut. Those who know 
the cost of files in a large en- 
gineering shop will readily appre- 
ciate the economy effected by this 
method of renewing worn tools. 

The American Mechanical 
Display at the Paris Exhibition 
of 1878.— Though the American 
collection at Paris is not large 
compared with those of other 
manufacturing nations, there are 
present so many of the contri- 
vances which illustrate the subtle 
mechanical genius so well recog- 
nised already, that "Yankee'' is 
almost a synonym of inventor, 
that it becomes to amateurs in 
mechanism a most fascinating 
stroll — that among the little railed- 
off" spaces of the American section ; 
for few of these contributions 
occupy more than a few square 
feet. Many of them are already 
widely known — the writing 
machine, by which the operator, 
touching a series of keys like 
those of an accordion, prints his 
thoughts or text more rapidly 
than they can be written legibly 
with a pen ; the sewing machines, 
whose name is legion, and which 
here are illustrated by new varia- 
tions for special work, a little 
attachment to one making it an 
embroidering machine of curious 
efficiency, and another a plaiting 
machine. The telephone and pho- 
nograph are there, and beside 



them an electric pen by the in- 
ventor of the phonograph — a pen 
which, carrying a tiny electro- 
motor at the top, drives a needle 
through the paper 10,800 times a 
minute, forming a stencil sheet 
through which, with an ink roller, 
copies may be produced more 
rapidly than with a lithographic 
press, and of an excellence wnich 
must be seen to be appreciated. 

Finest type of the Yankee con- 
trivance is the Stow "flexible" 
shaft for transferring power round 
comers and to out-of-the way 

E laces. One sees the operator 
olding what seems at first sight 
to be a small garden hose, but 
famished with an auger at its 
extremity, with which he thrusts 
and bores in every direction — 
over his head, under his feet, to 
the right, to the left — it upsets 
all one's ideas of rigidity. Pharaoh 
could not have been more surprised 
at seeing Moses's rod turn to a 
serpent than we were to see this 
rope-like affair eating into the 
planks set on all sides for it to 
work on. It is as good as a piece 
of legerdemain. It is really a 
** flexible shaft " — a cable of steel 
wires wound coat over coat, each 
successive coating in the reverse 
direction from the preceding, until 
the strength required is attained, 
and in which longitudinal flexi- 
bility is combined with circum- 
ferential rigidity. 

Close by it stands dough and 
Williamson's " wire cork-screw 
machine," which catches a straight 
piece of steel wire and throws it 
out a corkscrew of such temper 
that it may be driven through an 
inch deal plank and not yield a 
hair's breadth. The deftest waiter 
will take as long to pull a cork 
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as this machine to make half a- 
•dozen cork-screws of an excep- , 
tionally good quality. Here is a 
«crew-catting machine, which | 
takes a rod of iron, steel, or brass, ; 
and by an automatic series of, 
operations drops screws at the ^ 
other end of tne machine. One ; 
tool cuts the point of the rod | 
down to the dmiensions of the{ 
screw, another cuts it off, having 
the head the full size of the roa, 
another takes it from the last and 
passes it on to have the thread 
■cut, a cutter passes by and leaves 
it slotted, another with four iron 
fingers takes it and transfers it 
to a fifth cutter, where the head 
is finished, when still another tool 
•comes to push it into the pan 
placed to receive it. No inter- 
vention is needed until another 
rod is wanted. 

A set of shoe-making apparatus 
in another enclosure takes the 
leather in the hide and turns out, 
with slight manual application, a 
pair of shoes, sewed, pegged, or 
screwed, in about 15 minutes. 

A novel planing machine shows 
a revolving cutter fixed in a disk 
which is, by means of an elbow 
arrangement of bands and pulleys, 
moved in any direction over the 
board to be planed, giving a very 
remarkable finish to the surface. 

Those who have learnt to use 
the American gold pens will 
appreciate the excellence of the 
only good substitute for the gray 
goose quill, but the nice pro- 
•cesses by which its perfection is 
attained will be less easily under- 
stood. A sheet of highly-tem- 
pered steel, stamped out in the 
required form, almost as the pens 
are to be used, gives no idea of 
4ibe processea hy which the golden 



Slate is turned into hiffhlj and 
arably elastic pens, wiw pointi 
which, like the elasticity, endoxe 
for indefinite years. The process 
by which the gold pen is produced 
is not one of scientific elaboxation 
or brilliant invention, but of labo- 
rious experiment and thorough- 
ness ana conscientioiiBness of 
manufacture which we are not 
generally disposed to credit Ameri- 
can manufacturers with. First, 
an alloy is formed which can be 
hammered to a degree of hard- 
ness which makes it almost in- 
capable of further impression from 
the hammer. The pen, reduced 
to its general form by the die, then 
receives a point by alloying with 
iridium oi almost adamantine 
hardness, which is then cut into 
two and the slit produced, when 
the pen is hammered to the 
highest point of elasticity, the 
peculiar alloy used being, it is 
said, one which will condense 
under the hammer without spread- 
ing, until it has received the 
maximum of density alluded to, and 
the pen is then burnished into 
shape under a burnisher giving a 
pressure of about a hundred 
pounds weight, the effect of which 
IS to secure the shape finally given 
against any usage, by equalizing 
the density of the metal through- 
out. Exhibits of gold pens are 
an indispensable, and character- 
istic part of any collection of the 
important American industries. 

Perhaps, however, the most 
important display in this depart- 
ment, all things considered, is 
that of the Waltham Watch 
Company, their first in the Euro- 
pean exhibitions. The readers 
of reports of the Philadelphia 
Exhibition, will probably not 
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need to be infonned of Uie ad- 
mirable macbinery by wbicb tbe 
works of tbe Waltliam watcbes 
are produced, or tbeir siagnlar 
exactitude, wbicb enables any part 
of a watcb to be replaced by tbe 
corresponding piece of any otber 
watcb of tbe same grade. In tbis 
meebanical production of machines 
America bas long led tbe world, 
and tbe mecbanism by which the 
English army rifle is still produced 
is with immaterial modifications a 
contribution from the American 
armouries. But in the Waltham 
works science has been brought to 
the aid of native ingenuity to such 
a degree that even since the 
FhilsSelpbia Exhibition the fabri- 
cation otwatches bas gone through 
a large arc of another revolution. 
AVhat was begun by applyincf 
such machines that their work 
was beyond competition on any- 
thing like equal terms from any 
hand work, is continued by the 
construction of the most essential 
parts of the watcb on a new 
principle, which permits an ap- 
proach to perfection unattainable 
by the old mechanism, however 
produced. Everyone knows that 
the great difficulty in making 
chronometers has been the com- 
pensation for the effects of expan- 
sion and contraction due to change 
of temperature, but what is less 
well known is that this difficulty 
is due less to the balance, which 
by its construction with a bi- 
segmental rim (of brass and steel) 
may be perfectly corrected, than 
to the expansion of the balance or 
hair- spring, which, being im- 
mensely longer, causes five times 
the error caused by the expansion 
or contraction balance wheel 
alone. The two pieces must be 



considered as one, and the com- 
pNsnsation effected in the wheel or 
rim must answer for tbe spring as- 
well as for itself. The theoretical 
and insuperable difficulty in tbia 
compensation bas always been 
that tbe error caused by tbe 
expansion and contraction of tbe 
spring was in a different ratio 
from that of tbe correcting 
expansion or contraction wheel^ 
and the two quantities may ,be 
compared to curves with two radii, 
which could be brought together 
at two points, but not to coincide 
throughout, so that if the com* 
pensation at the extremes of 
temperature is correct, the means 
must be in error, and vice versa. 
The old compensation was, speak- 
ing broadly, in brazing a band of 
brass on one of steel, a process 
both theoretically and mechani- 
cally erroneous, since the con- 
traction and expansion can only 
go on with a certain tendency to 
disrupture of the elements, and 
consequent inequality of the 
action. The new balance pro- 
ceeds on an entirely (Cerent 
arrangement of the compensating 
metals. The rim, of plain steel, 
is cut nearly through, at the fixed 
extremities of the semi-circles, 
by several saw-tooth shaped 
notches, the number determined 
by experiment, and the brass is 
forced into these notches. The 
compensating weights are then 
put on at the other extremities of 
the semi-circles, instead of being 
distributed along them empiri- 
cally, and it is found possible in 
this arrangement so to distribute 
the compensation and compen- 
sating weights as to give at will a 
compensation for the mean tem- 
perature, either in excess of^ ot 
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less than, the extremes, and, of 
'coarse, to give a compensation 
which shall coincide throughout, 
which makes it theoretically 
possible to give absolute compen- 
sation for all temperatures at 
once. It is difficult to make this 
clear without diagrams showing 
the exact curves attained by ex- 
periment ; but the nature of the 
result will be appreciated by those 
who know the mechanism of the 
balance. It is simply the theo- 
retical elimination of all error 
from the compensated balance, so 
far as temperature is concerned. 
Practically and mechanically there 
will alwavs be some, due to the 
inherent imperfection of human 
workmanship ; but it is believed 
tliat the mean error, and equally 
the manual adjustment re(]|uirea, 
will be reduced to one-third of 
that actually obtaining under the 
old form of balance. But, to 
illustrate how involved are the 
various improvements in mechan- 
ism, it may be noted that the 
delicacy of construction of the 
new balance would only have been 
possible with the mechanism in- 
troduced by the Waltham Oom- 
Eany, the precision of which may 
e judged from that of the micro- 
meter last produced and shown 
at Paris, which measures the 
twenty-five thousandth part of an 
inch, and even indicates that so 
largely that it might be divided 
under a lens readily into hun- 
dred-thousandths. A micrometer 
screw-guage detects inequalities 
in the thread of a screw up to 
a hundred-thousandths, and a 
screw made for the^ Govern- 
ment Scientific Commission to 
correct the measures has been con- ' 
stracted, in which the maximum ; 



of error in the thread is less than 
one ten-thousandth of an inch. 

In the department of fircntrms, 
in which the Americans have al- 
ways maintained a certain ad- 
vantage as to construction, there 
are exhibited by the Bemington 
Arms Company two new forms of 
military rifle, one of which, the 
Lee gun, is obviously an improve- 
ment on all simple breechloaders 
hitherto used. The breech-block 
is the same as the Martini-Henry, 
but the opening is effected by the 
hammer, which holds the same 

Elace as in the old rifle, and can 
e worked by the thumb of the 
right hand. The breech-lock, when 
opened, is held open by a catch 
which is liberated by the flange of 
the metallic cartridge as it enters 
the barrel and the block, then 
rises to its place and closes the 
breech automatically. The mo- 
tions are fewer and the action 
simpler than in the Martini- 
Henry, and the hammer indicates 
to the most careless glance the 
half and fall cock. The second 
contribution of the Remington 
Company is a breechloader on 
the piston system, with an auxi- 
liary magazine so arranged that 
a reserve of seven cartridges may 
be kept in the magazine and the 
gun used as an ordinary breech- 
loader until a critical moment, 
when, by pushing aside the key 
of the magazine, the reserve is 
brought into play, and the seven 
shots may be fired with aim in ten 
seconds. A gun of this nature 
has long been a desideratum in 
the American service, and the ad- 
vantage of this reserve magazine 
over the magazine system pure 
and simpleC such as the Win- 
chester and Swiss Yetterli guns 
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is clear. While deliberate lon^- 
range fire ill going on, the gnn is 
ns^ as an ordinary breechloader, 
and fed by hand ; but when a 
charge is to be repelled, or firing 
at close quarters from any reason, 
the magazine is thrown open by 
command by a touch of the 
thumb, and the seven shots are 
delivered with an effect which can 
easily be imagined. 

Owen Jones's improved revolver 
carries the construction of this use- 
ful weapon to a completeness which 
seems the ne plus ultra. The 
ingenuity expended on it is ex- 
haustive. The pistol rejects ex- 
ploded cartridges while it retains 
those which are not fired, refuses 
to revolve when empty, and re- 
leases the cylinder when required 
with a hitherto unattained facility. 
It is apparently able to do any- 
thing but load and fire itself. 



A characteristic Yankee notion 
is a book- holder for keeping books 
in their place on a snelf. Two 
plates of sheet iron soldered to- 
gether in an inverted T form an- 
swer this purpose perfectly, and 
are brought together to suit the 
books. The weight of the books 
on the fiat limb of the ± keeps the 
keeper in place, and the books 
may be crowded between two of 
them very compactly. 

A locomotive of novel construc- 
tion will receive the attention of 
railway men, and for districts 
where the quality of fuel is bad it 
will be a great boon, for it lite- 
rally bums everything that is 
combustible-anthracite, coal-dust, 
wood, refuse of all coals. The 
improvement is effected by widen- 
ing the fire-box and modifying the 
grate so as to secure an even and 
thin bed of combustible. — Times, 
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Printing in Colours.— In ordi- 
nary colour-printing, it is known, 
as many plates or stones bave to 
be used as tbere are varieties of 
colour. M. Gretb, of Zarieb, bas 
(according to the Wiirtt Gen. Bl.) 
recently iDvented a process in 
wbicb all tbe colours are printed 
at once with one stone. Tbe 
colours used are fusible in beat. 
Tbe most prominent colour is first 
poured on a perfectly even marble 
plate, and tbe parts not to be 
covei^ with this colour are cut 
out with a vertically held knife 
down to tbe surface of the stone. 
A second colour is now poured in, 
and the parts not to be covered 
with it are cut out, and so on, till 
the colours required are complete. 
The thickness of the colouring 
mass is determined by tbe number 
of impressions (1 ctm. for 1,000), 
and after each impression tbe 
plate is raised about ,^„ mm. The 
paper is moistened with turpen- 
tine, and tbe impressions may be 
made with nearly the same ra- 
pidity as impressions with one 
colour only. Tbe number of 
colours has a quite insignificant 
influence on the price of the prints, 
whereas the number of stones, in 
the ordinary method, raises the 
price enormously. M. Greth has 
produced pictures with 400 colours 
on one plate. The invention has 
been utilised in Paris for calico- 
printing ; and in Alsace for imita- 
tion of Persian shawls. 



The Solubilily of Bottle Glass' 
— Macasno bas determined the 
degree m solubility in water of a 
number of specimens of bottle-glass 
derived frommany different sources, 
and ascertained in each instance 
" tbe corrosion degree " of a boil- 
ing solution of potassium bitar- 
trate. He finds tnat tbe chemical 
composition of bottle-glass is 
hardly a correct indication of its 
quality. The amount of alkali or 
lime does not express the resisting 
power of tbe elass to water or 
acids. While the French glass is 
of very superior quality, tbe Bben- 
ish, Madeira, Malaga, and Xeres 
bottles appear to have a very in- 
ferior composition. In order of 
colour we must set deep green in 
the first rank, in the second the 
white and common green, then the 
clear green, next flie red-brown, 
while the worst are the yellow- 
brown, which must be regarded 
as likely to contaminate ordinary 
wines containing much potassium 
bitartrate. In the case of the 
deep-green glass of a Burgundy 
bottle the corrosion degree was 
1*275 ; white glass used for Rhen- 
ish, Bordeaux, and Ohianti, 2*020; 
common green glass used for 
Rhenish, Bordeaux, Champagne^ 
&c., 3'202 ; vellow-brown glass 
used for Bordeaux, Madeira, Ma- 
' laga, &c., 3*387 ; and the red- 
brown used for Ebenish, Ruster, 
Rohitscher, &c., 4*888. — Chemi- 
! cal News, 1878, xxxviii., 5. 
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Gas Cloth. — Gastuch, or gas- 
cloth, is the name given by Dr. 
Hirzel, of Leipzic, to a gas and 
water-tight stuff, which he has re- 
centlj patented. It is produced by 
placing a large smooth piece of so- 
called guttapercha paper between 
two pieces of some not too coarse 
and dense material — e, g., shirting 
(undressed) — and then passing the 
arrangement between heated roll- 
ers. The outer pieces of shirting 
combine in the most intimate way 
with the enclosed guttapercha to 
form a material which is impene- 
trable by gas and water. It may 
be made still denser and more re- 
sistant by being coated on both 
sides with, e.g., copal lac. The 
substance is conveniently flexible, 
and will remain proof against 
variable influences of weather and 
external temperature. It can be 
applied to all those purposes for 
which waterproof material is used, 
and it is well adapted to form gas- 
tight membranes for regulators of 
pressure of compressed gas, bags 
or sacks for dry gas-meters, as 
also dry gas- reservoirs. — English 
Mechanic. 

Imitation Rosewood.— A new 

method for treating the surface 
of certain woods so as to produce 
imitations of rosewood, walnut, 
<fec., is thus described. A con- 
centrated solution of hyperman- 
gate of potassa is spread on the 
surface of the wood, and allowed 
to act until the desired shade is 
obtained. Five minutes suffice 
ordinarily to give a deep colour. 
A few trials will indicate the 
proper proportions. The hyper- 
man gate of potassa is decomposed 
by the vegetable fibres with the 
precipitation of brown peroxide of 
manganese, which the influence of 



the potassa, at the same time set 
free, fixes in a durable manner on 
the fibres. When the action is 
terminated, the wood is carefully 
washed with water, dried, and 
then oiled and polished, in the 
usual manner. The effect pro- 
duced by this process on several 
woods IS remarkable. On the 
cherry, especially, it gives a beau- 
tiful red colour. The colour re- 
sists well the action of air and 
light, and the process seems very 
simple. — Furniture Gazette. 

A Novelty in Yam.— Mr. Louis 
Cordonnier has hit upon a sin- 
gular method of producing a 
novelty in yarn ; this is not sur- 
prising when we consider the im- 
mense number of varieties of cloth 
which our neighbours designate 
as nouveautes, and what we term 
" fancy cloths." After having tried 
every imaginable way of weaving 
to produce different effects, 
there hardly remains anything 
new but to return to the spinning. 
Mr. Cordonnier takes a mule, and 
places upon this another row of 
rollers, through which, at a dif- 
ferent speed, he passes a coloured 
or plain thread, but twisted in the 
reverse way of the direction of 
the yarn to be operated upon. 
Thus, when the spindles revolve, 
the two threads are twisted, but 
the additional yam is at the 
same time untwisted; he then 
takes this doubled yam and twists 
it again with the same or any 
other yam, but running it again 
in the opposite direction, which 
untwists the first thread, and pro- 
duces a very singular effect, and 
one which in the loom, will, no 
doubt, produce a novelty. — T«y- 
tile Manufacturer, 

Bird-Lime in Japan.— Among 
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the many indastries of Japan is 
the manufactare of bird-lime ; 
and an ioteresting account is given 
in Consul Annesley's commercial 
report on Osaka and Hiogo of the | 
various uses to which this article : 
is put by the Japanese. It ip, of - 
course, principally employed for' 
the snaring of birds and animals. 
})y its means animals as large as 
moukeys are caught. AVhenonce 
they get the stuff on their paws 
they soon cover thempelves with 
it, and so exhaust themselves in 
trying to get rid of it that they 
fall an easy prey. Birds, also, as 
liirge as duclcs, are taken by an 
ingenious process. The young 
shoots of the fugi (Wisteria), 
which are strong, light, and 
ticxible, are knotted together, 
smeared with bird-lime, and floated 
^nt to sea. Numerous wild fowl 
ire bagged by this means, and 
the tackle will serve any number 
of times till the bird-hme dries. 
Small birds are caught in various 
ways — some by means of a decoy 
bird concealed near a patch of 
tempting food, which is plentifully 
planted with little splinters of 
bamboo like large needles, the 
upper half of which is covered 
with lime. Others are caught 
while on trees by means of a long 
and slender bamboo, the top of 
which is anointed with the lime, 
and then stealthily thrust against 
their feathers. Eats are easily 
caught by spreading a small 
quantity on a piece of board or 
paper, and placing it near their 
holes. It is spread upon a bam- 
boo leaf, and used during the 
summer for catching flies or 
other insects. Flea-traps are 
made for its service, and occasion- 
ally used by the Japanese in bed. 



This trap looks like a toast-rack* 
and consists of a piece of board 
smeared on the upper surfiEice with 
the lime, surmounted by semi- 
circles of bamboo to keep the 
bedding off the board. Biid-lime 
is also used by the Japanese for 
medicinal purposes, and is con- 
sidered one of the best cures for 
wounds, cuts, &c. Japan is the 
only country where it is regularly 
manufactuped on a large scale, 
the principal tree from which it is 
made being a dark evergreen 
growing on the mountains in the 
south. 

The Progregg of Tempered 

Glasg.— At a Meeting of the 
Socidt^ d'Encouragement, during 
the winter of 1877-78, M. de 
Luynes made a communication in 
M. de la Bastie's name, on recent 
progress achieved in the industry 
of tempered glass. Numerous 
specimens were placed on the 
table, presenting forms the most 
varied and correct. There were 
tubes for lamp glasses and gas 
burners, laboratory mortars with 
their pestles, capsules of all sizes 
and forms for pharmacy and 
chemistry, plates of glass, crystal, 
and enamel, tea and coffee-cups of 
white enamel, &c. A striking 
experiment was made : — Some 
ordinary glasses were placed in a 
salad-basket with drinking glasses 
of the same form, but of tempered 
crystal ; after a few shocks, the 
ordinary glasses were all broken, 
while all the tempered glasses 
remained intact. It was stated 
that the processes of manufacture 
have been simplified and com- 
bined with the ordinary operations 
of glass-making, so as to diminish 
considerably the expense, and give 
more regular forms and more per- 
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feet execution. The objects made 
with the liquid material are 
brought directly, while still red, 
into the tempering bath, and are 
not now reheated (as formerly) to 
the point of softening (which 
often caused alteration of form). 
Bottles, drinking-glasses, lamp- 
tubes and glasses, and concave 
objects, containing air which 
would oppose the entrance of 
liquid in tempering, are received 
on a bent tube, a sort of syphon, 
which, at the momentof immersion 
allows the escape of the air. 

Decorative Glass.— Thepresent 
methods employed to render glass 
opaque are hkely to fall into dis- 
use when the new process, recently 
invented by M. Aubriot, becomes 
better known; for muslin glass, 
as it is termed, can be produced in 
a variety of colours and in a 
number of pleasing designs, which 
will compare favourably with the 
dull monotony of the present 
ground-glass, and even with etched 
or embossed glass. A sheet of 
the material to be covered is 
floated with a vitriflable pigment 
dissolved in gum- water, and when 
dry the stencil pattern is laid on, 
and the exposed parts are cleaned 
with a stiff brush. The sheet of 
glass is then placed in a furnace, 
and the remaining colour is burnt 
in. When simple opaque glass is 
desired, a plate is covered with 
gum water and dried; it is then 
placed in a frame, and a piece of 
tulle, muslin, or other suitable 
substance is stretched over it, 
in close proximity to the gummed 
surface. The frame is then placed 
in a box containing a quantitv of 
the powdered pigment, which is 
forced against the muslin by an 
air-blast, and, passing through the 



interstices, adheres to the gummed 
glass. In this way the patterns 
of the lace or musUn are repro- 
duced, and the powder being first 
caused to adhere firmly by placing 
the plate in a steam chamber for 
a few moments, is burnt in, as 
before described, in a special fur- 
nace. By means of stencil-plates 
of different designs, and muslin 
and lace of different patterns, to- 
gether with pigments of various 
hues, some very beautiful glass 
screens have been produced, which 
for many purposes will be pre- 
ferred to the plain opaque glass at 
present manufactured. 

The Prussian Prize Method of 
Preparing Plaster Casts.— Some 
time ago a prize was offered by 
the Prussian Grovernment for a 
method of preparing plaster casts 
in such a manner that they might 
be washed without i^jiiry. The 
prize was awarded to Dr. Reissi^^ 
of Darmstadt, and the IndiMtme 
Blatter gives the following de- 
scription of the process : — ^In pre- 
paring these casts it was not only 
desirs^le to obtain a surface which 
should not wash away, but also 
to include a simple process for 
preventing dust entering the 
pores and rendering them more 
easily cleansed. Laborious ex- 
periments convinced Dr. Eeissig 
that the only practical method of 
accomplishing this and retaining 
sharpness of outline was to con- 
vert the sulphate of lime into, 

1. Sulphate of baiyta and 
caustic or carbonate of hme; or, 

2. Into silicate of lime by means 
of silicate of potash. 

Objects treated in this way are 
not affected by hot water or hot 
soap solutions, but, from the 
method of preparation, they re- 
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main poroas, catch dast, &c., and 
when first put into water eagerly 
absorb all the impurities. To 
avoid this evil, he subsequently 
coats the articles, now rendered 
waterproof, with an alcoholic soap 
solution, which penetrates more 
easily, deeper, and more freely in 
the pores than an aqueous solu- 
tion. After the alcohol evapo- 
rates a layer of soap remains 
which fills the pores, and when 
washed it is converted into suds 
which easily remove the dust 
without allowing it to penetrate. 

Process with Baryta Water. — 
This is the simplest, easiest, and 
cheapest method. It depends upon 
the tact that gypsum, or sulphate 
of lime, is converted by baryta 
water into sulphate of baryta 
(which is totally insoluble), and 
caustic lime which is converted by 
contact with the air into carbonate 
«>f lime. The practical method of 
carrying this out is as follows : — 
A large zinc vessel is required 
with a tight-fitting cover. In 
each vessel is a grating made of 
strips of zinc, resting on feet li 
in . nigh. This vessel is two- thirds 
Hlled with soft water at 54° to 77° 
Fah., and to every 25 gallons of 
water is added 8 lb. of fused or 
lilb. of crystallised, pure hydrated 
oxide of barium, also 0*6 lb. of 
lime previously slaked in water. 
The solution stands about 4^ Beck. 
As soon as the baryta water gets 
clear it is ready to receive the 
casts. They are wrapped in 
suitable places with cords, and 
after removing the scum from the 
baryta bath are dipped in as 
rapidly as possible, face first, and 
then allowed to rest upon the 
grating. 

Hollow casts are first saturated 



by rapid motions, then filled with 
tne solutions and suspended in the 
bath with the open parts upwards. 
After the corcb are all secured 
above the surface of the liquid, 
the zinc vessel is covered. The 
casts are left in it from 1 to 10 or 
more da^s, according to the thick- 
ness of the watc^roof strata 
required. After taking off the 
cover and removing the scum, the 
plaster casts are dmwn up by the 
strings, rinsed off vrith lime 
water, allowed to drain, carefully 
wiped with white cotton or linen 
ragp, and left to dry, without being 
touched by the hands, in a warm 
place free from dust. The same 
solution which has been used once 
can be used again, by adding a 
little more baryta and lime. 

Of course this process can only 
be applied to casts free from dust, 
smoke dirt, coloured particles of 
water, rosin and varnish, soap, 
animal glae from the moulds, or 
sweat from the hands. To pre- 
vent the casts getting dust upon 
them, they should be wrapped in 
paper when taken from the mould 
and dried by artificial heat below 
212° Fah. If in spite of every 
precaution the casts when finished 
show single yellow spots, they 
can be removed in this manner : 
— The perfectly dry, barytated 
casts saturated with carbonic acid 
are painted over with water and 
oil of turpentine, then put in a 
glass case and exposed to the 
direct rays of the sun. All spots 
of an organic nature will then 
disappear ; but, of course, rust, 
smoke and mineral spots cannot 
be removed in this way. 

In the place of cold baryta 

water the casts may be placed for 

i half an hour in a concentrated 
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solution of baryta heated to 104^ 
to 122'' Fab. This has the ad- 
vantage that casts may be put in 
before drying. As the casts 
treated in uiis way are not 
hardened very deeply, and are 
still porous, it is well to place 
them subsequently in a cold bath 
for a longer time. 

The casts are now ready, as soon 
as perfectly dry, for the soap solu- 
tion. For cheapness Dr. Reissig 
selects a pure, good, hard soap, 
shaves it up, dries it, and dissolves 
it in 50 or 60 per cent, alcohol ; 
10 or 12 parts oi alcohol to one of 
soap. Such a solution of Mar- 
seilles soap, known as "spiritus 
saponatus," can be had at any 
drug store. The finest appearance, 
as well as a high degree of dura- 
bility, is obtained by the use of a 
solution of stearate of soda in 
strong alcohol. Both the solution 
and cast should be warm, so that 
it may penetrate as perfectly and 
deeply as possible. It is no harm 
to repeat the operation several 
times, 80 long as the liquid is 
absorbed by the cast. When dry 
the cast is finished. 

Process with Silicate of Potash 
Sohition, — This process depends 
upon the conversion of the sul- 
phate of lime into silicate of lime 
— an extremely hard, durable, in- 
soluble compound — and is accom- 
plished by the use of a dilute 
solution of silicate of potash con- 
taining free potash. To prepare 
this solution Dr. Beissig first 
makes a 10 per cent, solution of 
caustic potash in water, heats to 
boiling in a suitable vessel, and 
then aAds pure silicic acid (free from 
iron) as long as it continues to dis- 
solve. On standiogjthe cold solution 
usually throws down some highly 



silicated potash and alumina. It 
is left m well-stoppered glass 
vessels to settle. JuBt before 
using it it is as well to throw in a 
few bits of pure potash, or to add 
one or two per cent, of the potash 
solution. If the plaster articles 
are very bulky, this solution can 
be diluted to one-half with pure 
water. 

The casts are silicated by dip- 
ping them (cold) for a few minutes 
into the solution, or applying the 
solution by means of a well- 
cleaned sponge, or throwing it 
upon them as a fine spray. When 
the chemical reaction, which takes 
place almost instantly, is finished, 
the excess of the solution is best 
removed with some warm soap 
water or a warm solution of stearin 
soap, and this finally removed 
witn still warmer pure water. 

The casts which can be im- 
mersed or easily moved around 
may be treated as above when 
warm; a very short time is re- 
quired, but some experience is 
necessary. In every case it is 
easy to tell when the change is 
efiected, from the smooth dense 
appearance, and by its feeling 
when scratched with the finger- 
nail. It is not advisable to leave 
the casts too long in the potash 
solution, as it may injure them. A 
little practice renders it easy to 
hit the right point. The fresher 
and purer the gypsum and the 
more porous the cast, the more 
necessary it is to work fast. 
Castings made with old and poor 
plaster of Paris are useless for 
silicating. These silicated casts 
are treated with soap as before. 

In washing plaster casts pre- 
pared by either method, Dr. Beissig 
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sponge, carefully freed from all nsnal to the action of fire it sets 

adherent sand and limestone, wet more slowly. Gypsnm, when pre- 

with lukewarm water and well pared at a high temperatore, loses 

soaped. They are afterwards more and ^ more its afl&nity for 

washed with clean water. They water, retaining, however, its pro- 

cannot, of course, be washed nntil perty of absorbing its water of 

thorongbly dry and saturated crystallisation. Plaster heated to 

with carbonic acid. The addition , the red, and mixed in the ordinary 

of some oil of turpentine to the manner, will no longer set, bat if, 

8oap is useful, as it bleaches the instead of applying the ordinary 

casts on standing. The use of quantity of liquid, the smallest 

hot soapsudH must be avoided. ' possible portion is used, say one- 

Plaster of Paris.— M. Landrin , third of its weight, it will set in 

has just communicated to the ten or tweWe hours, and then it is 

Academy of Sciences the results less porous and beoomes extremely 

of long-continued studies relative hard. To prepare plaster for 

to the different qualities of this moulding it mast be burned 

substance, and the information he slowl^^ for a long time, sufficiently 

furnishes may be of considerable ' to drive off all its water, and for 

practical yaiue to architects, I its molecules to lose a part of 

builders, modellers, and others j their afBnity for the liquid. M. 

whose business requires the use . Landrin stated that a similar 

of this material. Me finds that result could be obtained by other 

the more or less rapid setting of j means. If the plaster is exposed 

the plaster is due to the mode in to the fire of the kiln for a time 

which it is burned. Its proper- short enough to allow it to retain 

ties are very different when it is 7 or 8 per cent, of its water, it is 



prepared in lumps or in powder. 
The former, when mixed with -its 
own weight of water, sets in five 
minutes ; while the latter, under 
similar conditions, takes 20. The 
reason probably is that plaster in 
powder is more easily burned than 
when it is in lumps, and what tends 
to prove that fact is that when 
the latter is exposed longer than 



useless, as it sets almost imme- 
diately. If, however, the burning 
is again resumed, the substance 
soon loses its moisture, and, if 
then exposed to the air, it very 
rapidly retakes its water of 
crystallisation, and then absorp- 
tion continues more slowly. It 
can then be used ; it sets uowly, 
but acquires great hardness. 
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Sun Engraving.— In the sum- 
mer of 1878, Petermann's Mitthei' 
Vungen contained a highly inte- 
resting paper entitled " The Sun 
in the Service of Geography," in 
which the advantages of the pro- 
cess of heliogravure, or sun en- 
graving upon copper, as practised 
by the Austrian Military Geo- 
graphical Institute, are dvirelt 
upon. The maps of the new 
Austrian ordnance map are care- 
fully drawn on paper, on a scale 
of 1 : 60,000. They are then re- 
duced photographically to a scale 
of I: 75,000, transferred upon 
copper, touched up, and printed. 
In this manner each sheet of the 
map can be produced in nine 
months, while the same amount 
of work en^*aved in the usual 
manner requires nearjhr ^ months 
for its completion. The whole of 
the Austrian staff map, consisting 
of 715 sheets, will thus be com- 
pleted in 10, 11, or 12 years. No 
less than 271 have been published 
since 1874. The advantages of 
this process, as regards cost and 
rapidity of publicaticm, are evi- 
dent, aiid they fully compensate 
for any slight inferiority in the 
appearance of the work. An en- 
graver, to whom we showed one of 
the maps produced in this manner, 
firmly believed that it had been 
engraved upon copper. If the 
Ordnance Survey Office were to 
avail itself of this process, the 
one-inch map of the United King- 
dom, for which we shall have to 



wait under present arrangements 
for years, might be completed 
very speedily. The Ordnance 
Survey of Palestine, at all events, 
might be produced in this manner 
at comparatively little expense, 
and in a very superior manner, 
as an examination of a specimen 
map in the Mittheilungen will 
show. "We ought to mention that 
a similar process, invented by 
Colonel Avet, has been in use for 
several years past, in the office 
of the Italian General Staff. — 
Athenaum, 

Photographic Reproduction.— 
A new process adopted by M. 
Pellet, an engineer and chemist 
in Paris, for photographic repro- 
duction in blue lines on white 
paper of industrial drawings, 
plans, maps, &c., has recently 
been brought before the Frenck 
Soci^t^ d'Encouragement. It is 
based on the property of per- 
chloride of iron of being reduced 
to protochloride by light. The 
latter salt is not changed by a 
solution of prussiate of potash, 
while the former is immediately 
coloured bine. The copying paper 
is sensitised by immersion in a 
bath formed of 100 of water, and 
10 of perchloride of iron, and five 
of oxalic acid (or other vegetable 
acid). The drawing, on trans- 
parent paper, is placed on a dry 
sheet of the copying paper, which 
is called " cyanofer, and exposed 
to the light under glass (15 to 30 
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an J 40 to 70 seconds in winter ; 
in shade the exposore varies from 
2 to 40 minutes, according to 
weather). The electric light may 
be used. After exposure the 
sheet is placed in a bath of pms- 
siate of |K)ta8h (15 to 18 per cent, 
of water), which immediately 
colours blue all the parts where 
the perchloride has remained in- 
tact, but does not affect the parts 
where the salt has been reduced 
by the light. Then the drawing \ 
is washed with water, and passed [ 
into a bath of 8 to 10 per cent 
of hydrochloric acid, which re- 
moves the salt of protoxide of 
iron ; then it is washed again and 
dried. The drawing now appears 
in deep blue tints on a very white 
ground, and looks like a drawing 
made by hand with blue ink. 

Platinum Pictores.— A paper 
on "A New Process of Pnoto- 
Chemical Printing in Metallic 
Platinum," was read at the Dub- 
lin Meeting of the British Asso- 
ciation by Mr. W. Willis, jun. It 
is a fact well known to chemists 
that metallic platinum in all its 
states, massive and molecular, is 
totally unchanged or unaltered by 
atmospheric influences. It is also 
well known that platinum in a 
finely-divided state has an in- 
tensely black colour. Now if a pic- 
ture be produced on paper or other 
suitable substance, in which the 
dark portions and shades are 
formed hj this black finely-divided 
metal, it is evident, so far as this 
metallic pigment itself is con- 
cerned, that the picture is perfectly 



permanent and unalterable. The 
object of this process is to produce 
pictures in which this result is 
obtained. The chemical reaction 
upon which the platinotype pro- 
cess is based is one discovered by 
Mr. Willis some years ago. £[e 
found that a hot solution of fer- 
rous oxalate in potassic oxalate 
instantly reduced platinum to the 
metallic state from its chlorides 
and other salts. 

The remarkably simple form 
the process now takes may be 
briefly indicated as follows: — 
Paper is coated with a mixture of 
aqueous solutions of ferric oxalate 
and potassic chloro-platinite, then 
dried, and exposed to light under 
a ne^tive. After it has had a 
sufficient exposure it is floated on 
a hot aqueous solution containing 
potassic oxalate and a salt of pla- 
tinum. This solution instantly 
develops the picture, which is then 
washea in one or two solutions, to 
remove the chemical salts adher- 
ing to the paper. When dried tiie 
pnnt is finished. This printing 
process derives considerable inte- 
rest from the fact that it is the 
first in which platinum in the me- 
tallic state has been made use of 
as a pigment, and that it is the 
first photo-chemical process giving 
permanent results ot any practicsd 
value, in which the particles of 
pigments forming the picture are 
imbedded in and entangled a- 
mongst the fibres of the paper on 
which they are printed, and do not 
depend for their adhesion on the 
use of any sizing material. 
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Water-heated Tires.— On the 

railway from Moscow to Nijni the 
tires for the wheels have for a 
considerable time past been heated 
by imnlersion in hot water — 
instead of by fire — before shrink- 
ing on the wheels. Near a boiler 
stands an iron vessel of water, 
which is heated to 100° 0. with 
the steam. The tires are im- 
mersed for 10 to 16 minntes ; then 
raised by a crane, and brought on 
the body of the wheel. Three 
workmen are required, and in 11 
hours they operate 12 to 14 tires. 
The difference of diameter is 
about i mm. for every millimetre. 
It is said that this mode of heat- 
ing has the advantage of giving 
greater regularity. According to 
observations made on the railway 
named, 37 per cent, of the tires 
shrank on by the old method 
came off, and 5 per cent, were 
broken in six years ; whereas the 
loosening has been less than 1 per 
cent, in three years in the case of 
the water-heated tires, and only 
one tire has broken. 

An Automatic Steam Alarum. 

— ^An automatic steam alarum, for 
use on secondary railways in Ger- 
many, is manufactured by M. 
Diilken, in Diisseldorf, and has the 
following arrangement : — A small 
steam cylinder is connected by a 
steam -pipe with the cylinder of 
the locomotive. It has a stop- 
cock inserted in the middle of tne 
cylinder cover, and operated by 
means of a draw-rod. In the 



little cylinder there is a strong 
spiral spring on one side of the 
piston. The piston-rod is con- 
nected by a drawing-rod with the 
lever of the alarum, which has a 
double hammer. When the stop- 
cock is opened steam enters on 
the backward passage of the loco- 
motive piston, behind the piston 
of the small cylinder, and drives it 
forwards. Thereby the lever is 
raised, and one hammer is made 
to strike on the bell. When, on 
the other hand, the locomotive 
piston moves forwards, no steam 
enters the small cylinder, but the 
compressed spiral spring now 
comes into play, drives the piston 
with the lever back, and causes a 
stroke of the second hammer on 
the bell. The steam under the 
piston can escape through a hole 
in the cylinder wall whenever the 
lower piston surface reaches this ; 
thus the play of the piston i» 
limited. 

Communication between Pas- 
senger and Guard.— Mr. Henry 
Morris, of Manchester, has pa- 
tented an invention for securing 
a trustworthy and convenient 
communication between railway 
passengers and guards. The 
continuous cord system now 
generally in use is alleged to be 
inefficient. It is also a source of 
inconvenience and expense to the 
railway companies, and has been 
condemned by the Board of Trade. 
In Mr. Morris*8 plan the attention 
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explosion of two waterproof | having bat 10 in. width of track, 
detonators, or fog-sigDala, which i from the elevated village of Hyde 
are attached to the end of each Park down to the dep6t. He also, 
carriage. In the centre of each with his own hands, constmcted 



compartment, near the lamp, and 
therefore easily accessible, a short 
chain, something like a bell-pnll, 
irt suspended a few inches from the 
roof, and by its means a passenger 
can with one poll explode the fog 
signals in rapid succession, and at 
the same time cause a red or white 
semaphore to appear at right 
angles to each side of the carriage. 
Against any mischievous use of 
the communicatioD, a check is 
provided by wliich the compart- 
ment in which the si^al has been 
given is at once indicated. The 
lamp in the compartment nearest 
the signal end of the carriage can 
be raised above the roof by a 
simple addition to the apparatus, 
so that it could be seen at night 
by a signalman, who would be 
able to stop the train at the next 
signal box ; but this is considered 
to be scarcely necessary, inasmuch 
as if the guard did not hear the 
reports of the fog-signals, they 
could be rex)eated from carriage 
to carriage until his attention was 
attracted. The machinery for 
each carnage is complete in itself. 
A carriage-truck or horse-box can 
be added or taken off at will, and 
trains can be joined or divided at 
junctions or other places without 
the loss of time attendant upon 
the present system. 

The Narrowest Gauge Rail- 
road. — There is now in operation 
in Massachusetts a steam railroad 
of 10 in. gauge, projected by a 
young mechanic and engineer. 
To show how narrow and yet safe 
a track may be, with his own 



the cars to run on the track. In 
these he carried in six weeks over 
3,000 passengers from the villt^e 
down to the dep6t, without the 
slightest injury to any one. There 
were several snort curves on the 
way, and the track crossed the high- 
way twice. The people of Sillerica, 
wishing a road through their town 
from North Billerica, on the Bos- 
ton and Lowell Railroad, to Bed- 
ford, a distance of 8^ miles, re- 
quested the projector, Mr. Geoi^ 
£. Mansfield, to come and givetne 
people a lecture on narrow-track 
railroads. Some said, ''It is a 
chimerical notion ; " but others 
gave a helping hand, and secured 
a movement so far as to get up a 
petition for a charter from the 
Legislature. The charter was 
allowed. Then the right of way 
was secured gratis the whole dis- 
tance. Next the stock was sub« 
scribed. Then came the building 
of the road, which was completed 
by the 1st of September, 1878, so 
that cars passed with passeng^ers 
over the entire route that day, and 
secured the right of way. There 
are 11 bridges on the route, one 
over 100 ft long. The rail weighs 
251b. to the yard. The road 
is well built ^and equipped; one 
grade is 155 ft. The cars and en- 
gines of the road at once attract 
and fix attention. The engine is 
behind the tender and next the 
cars, so that^ when the train 
moves, the car next the engine 
draws down upon and increases 
the adhesion or the engine to the 
track. Both engine and cars are 



hands he coBatrncied. a railroad,) coBstruc^d so «l^V> \s^ ^^t^ -aaai 
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the ground, giving great advan- 
tages in regard to safety, also very 
little oscillation. The cars have 
one seat on each side. The length 
of the cars allows thirty seats. — 
Hallway World, 

Man as a Flying Animal.— 
The Annual Meeting of the Aero- 
nautical Society of Great Britain, 
held at the Society of Arts in 
June, 1878, was a very interesting 
and instructive meeting, as it 
showeci that considerable progress 
had been made in overcoming the 
mechanical difficulties to be sur- 
mounted. Mr. Thomas Oraddock 
read a paper on ** Flight by Man," 
but his conclusions were nob as- 
sented to by the scientific part of 
the audience. #*. 

Mr. Thomas Moy followed, and 
remarked that the popular mind 
was peculiarly obtuse to simple 
facts whiish should easily be grasp- 
ed, and that even scientific men 
failed to appreciate the import- 
ance of the demonstrations which 
had been worked out by that 
society. The amount of success 
with models, he contended, was 
so palpable, that men of capital 
did not exhibit much wisdom in 
their non-encouragement of efforts 
on a larger scale. If a tin box of 
one cubic foot capacity were filled 
with gas capable of raising one 
ounce to the cubic foot, and if the 
tin of which it was made weighed 
one ounce per square foot, then it 
would weigh six ounces if filled 
with air, and only &vQ ounces if 
filled with gas. 

Mr. Moy contended that al- 
though this one cubic foot of 
gas, enveloped in six square feet 
of material, would not float in the 
air, yet that it was as good a 



demonstration (or it eugJit to be), to 
a scientific man, as if it contained 
thousands of feet of gas, and 
carried people up. If, however, 
he made a box of the same 
materials, one ounce to the square 
foot, but six feet in measurement 
in every directioD, this would re- 
quire 216 squareiQ^i of materials, 
but it would contain 216 cubic 
feet of gas, and, therefore, it would 
just float, and the same obtuse 
minds which condemned the first 
experiment would applaud the 
second. This exactly illustrated 
the case in which Mr. Moy had, 
three years ago, demonstrated the 
possibility of flying by steam, by 
lifting 1?0 lbs. with his steam 
engine of three horse power. 
This feat was quite sufficient to 
prove that, with a steam engine 
of 100 horse power, 4,000 lbs. 
could be raised ; and, as the 100 
horse power engine would be 
relatively lighter than the three 
horse model, so the margin of 
carrying power would be ample, 
as far as aeronauts and passengers 
are concerned. Mr. Moy then ex- 
hibited and explained a working 
model aerial machine with circular 
aerophanes, and driven by two 
screws worked with india rubber 
springs. 

Next Mr. P. W. Brearey, the 
Hon. Secretary of the Society, 
gave a lecture on the flights of 
birds, which was beautifully illus- 
trated with working models, 
driven by india rubber springs, 
a number of which travelled across 
the hall of the Society of Arts 
and struck the wall with con- 
siderable force. A model of an 
albatross, of life size, elicited 
much applause. 
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Illnminating Rockets. — Ex- 

porimenU have been made by the 
German artillery with a new 
rocket, which is intended to tem- 
porarilj illuminate the siege or 
other works of an enemy. Fifteen 
of these rockets were issnel 
daring the course of 1878 to each 
regiment of fortress or garrison 
artillery in the German army, 
and the reports sent in announced 
that the results of the trials made 
with them were exceedingly satis- 
factory. The head of the new 
rocket contains fifby-seven large 
and seventy-two smaller magne- 
sium stars, which bum for four- 
teen seconds. The range of the 
rocket is 2,000 metres, but it can 
be fitted to explode at any desired 
distance from its point of de- 
partare. The stars, when burning 
^ive a white light of so great 
intensity that surrounding objects 
are as distinctly visible as by day. 
When it is desired to illuminate 
the enemy's works for a longer 
period, a number of rockets are 
fired at intervals of six or seven 
seconds, two troughs being 
arranged for the purpose, ten 
metres apart. The weight of the 
rocket is about 26 lb. 

A Marvellous Mitrailleuse.— 
On Jane 7, 1878, Mr. Ackers, 
agent to Dr. Gatling, inventor of 
the mitrailleuse, tried at Sealand 
Ran^e, Chester, three new patent 
Gatling guns which have never be- 
fore been tried in England. The 
nu'trajlleuses were first tried at 



1,000 yards range. When every- 
thing had been arranged a signal 
was given, and the wearon poured 
out a literal hail of bullets, the 
majority of which struck the can- 
vas target) and tore it all to shreds, 
and penetrated quite through the 
stout two-inch oak supporting the 
pole^". Accurate time was kepty 
and it was ascertained that tne 
mitrailleuse fired 1,000 rounds per 
minute, which is 800 or 400 
rounds per minute faster than 
any other Gatling gun. Experi- 
ments with the weapon were then 
tried at 800 and 600 yards range, 
and the way in whicn the bullets 
were hurled at the target and the 
marvellous precision with which 
they struck astonished every one 

E resent. A sjvarrow must have 
een killed flying across the line 
of fire. The bullets which fell a 
little short tore up clods of earth 
as large as a fist, and hurled them 
right over the target into the 
marksman's retreat. The opinion 
of competent judges is that this 
is the most destructive weapon 
ever invented. 

A New Repeating Carbine.— 
A new repeating carbine has been 
invented by Captain Valmisberg, 
of the Austrian army. The me- 
chanism is said to work with 
wonderful precision, and can be 
adapted to any of the usual types 
of barrel. The cartridges are con- 
tained in a chamber holding nine, 
which are successively pushed 
into tbft WxtftWrj «« «\\^\it motion 
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of the finger. The whole charge 
— that is, the nine cartridges — 
can be fired in 18 seconds, and 
the chamber can be refilled in nine 
seconds. 

Balloons for Military Purposes. 
— At one of the Meetings of the 
Scientific Congress assembled at 
Havre, in the latter part of 1877, 
an interesting paper was read 
detailing the work that had been 
done by the Commission appointed 
by the French Minister of War 
to examine how far balloons can 
fee improved and utilized for mili- 
tary purposes. The investiga- 
tions of the Commission were 
divided into three classes — namely, 
those relating to captive balloons, 
to free or postal balloons, and 
to balloons capable of being guided 
in any given direction. With 
regard to the first-named balloons, 
the Commission has recommended 
important improvements in the 
manufacture of the material of 
which the balloons are made, 
in the manner of suspending 
the car, in the method of anchor- 
ing the balloon to the earth, 
and in the apparatus for generat- 
ing the hydrogen gas used for 
inflation. For free balloons the 
Commission has recommended the 
adoption of a valve and ballast- 
discharging arrangement which 
act automatically, and keep the 
balloon constantly at any height 
decided on beforehand ; and an 
improved grappling-iron for finally 
stopping the balloon has also 
been suggested. With regard to 
the third class of balloons the Com- 
mission recommend, as a means 
of steering the balloon, a screw, 
applied, not as in most experiments 
wnich have hitherto been made, to 
the car, but to the centre of the 



balloon itself. The trials made 
with the steering apparatus sug- 
gested were, it is true, not alto- 
gether successful ; but the results 
achieved showed that it was 
possible, even under unfavourable 
circumstances, to cause the balloon 
to diverge several degrees from 
the direction in which the wind 
was blowing. 

The Telephone in Warfare.— 

An officer of the Prussian army 
published in the Militdr-Wochen' 
hlatt, during the course of 1878, 
an interesting account of some 
experiments made by him, in 
order to determine to what ex- 
tent the telephone can be utilized 
by the outposts of an army. A 
portable telegraphic apparatus 
has already been introduced into 
the German army for establish- 
ing communication between the 
several fractions of an outpost 
line; but as, when a telephone 
is employed, neither Morse's in- 
struments, nor batteries, nor 
transmitting keys, nor galvano- 
meters, nor, what is perhaps of 
more importance than all, skilled 
manipulators, are required, the 
newly-invented instrument will 
naturaUy be much more service- 
able for outpost work than the 
ordinary telegraphic arrange- 
ments, provided that no practical 
difficulties stand in the way of its 
employment. The results of the 
experiments made by the Prussian 
officer appear to show that there 
is nothing to prevent the telephone 
being used for the purpose referred 
to. Posts were stationed repre- 
senting pickets and their sentries, 
and altnough the weather was 
very cold — the thermometer stand- 
ing at 3 deg. below the freezing 
pomt, and a strong wind blowing 
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— conyersation viva carried on 
with ease bj men 300 and 400 
yards apart. The only precaution 
taken was to make the men nsing 
the telephone pull the hoods of 
their great coats over their head 
and ears in order the better to 
confine the voice of the instru- 
ment. The wire used was ar- 
ranged on a reel, fixed on a man's 
knapsack in such a manner that, 
as the man walked forward, the 
cable unwound itself behind him ; 
and it was found that by this 
means the wire could be laid at 
the rate of 100 yards a minute. 

Military Ballooning.— Military 
ballooning, which has during late 
years taken such an important 
i)lace in the army corps oi neigh- 
bouring countries, has at last met 
with some recognition at home, 
for experiments have lately been 
carriea on at Woolwich with a 
view to testing the actual value 
of the system. Captive balloons 
are no doubt, under certain cir- 
cumstances, useful for purposes 
of observation ; but the difficulties 
in the way of gas-making in the 
field form a great obstacle to their 
employment. A plan has lately 
been devised for obtaining auto- 
matically bird*8-eye views of an 
enemy's camp. This is done by 
means of a small balloon which 
is just large enough to raise the 
weight of the photographic camera 
which forms its car. The cap or 
cover of the lens is controlled by 
an electro-magnet, the connecting 
wires of which pass to the ground. 
When the balloon is raised to a 
certain height, the depression of 
a key uncovers the lens for the 
fraction of a second, and an in- 
stantaneous view of the position 



is secured. The process employed 
is that in which a sensitive tissue 
is used in lieu of glass plates. 

The Bayonet— An interesting 
account of that once all-important 
arm— the bayonet — was given by 
'■ Engineering during the course of 
1878, which states that it is an 
•arm peculiarly French. It was 
iuvented, it is said, at Bayonne, 
! in 1641, and employed in 1670 in 
: the regiment of the Eine's Fusi- 
liers. It sensibly modified the 
military art in Europe, as it made 
cavalry less terrible to in£antry, 
and caused the fires of lines of 
battle to be regarded as the prin- 
cipal means of action. Accord- 
ing to a local tradition, it was in 
a small hamlet near Bayonne that 
this arm ^ was invented. What 
led to its invention was that, in a 
fierce combat between some Basque 
peasants and some Spanish smug- 

glers, the former, having ex- 
austed their ammunition, fas- 
tened their long knives to their 
muskets, and by means of the 
weapon so formed put their ene- 
mies to flight. The arm rapidly 
came into general use in Europe. 
In 1678, at the time of the peace 
of Nimeguen, all the French 
grenadiers had the bayonet, but 
tke socket, which makes the use 
of it so easy, was not invented 
until a later period. Bayonets at 
that time were a sort of dagger, 
of which the handle was placed in 
the muzzle of the musket, and, 
of course, prevented the musket 
from being fired. The first battle 
at which the bayonet was seriously 
used was that of Turin, in 1682 ; 
but it was not till the battle of 
Spires, 1703, that the first bayonet 
charge was executed. 
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The Scintillation of Stars.— 

The scintillation of stars continues 
to occnpy M. Montigny's atten- 
tion, ana in a paper famished in 
1878 to the Belgian Academy, he 
discusses a series of observations 
which seem fully to demonstrate 
that stars whose spectra are charac- 
terised b^ dark bands and black 
lines scintillate less than stars with 
fine and numerous spectral lines, 
and much less than those whose 
spectra present only a few of the 
principal lines. With regard to 
the colours in scintillation — ^which 
are principally red, orange, yellow, 
green, green-blue, blue, and violet 
— he mentions, interalia, that blue 
seems generally to predominate 
over the other colours in rainy 
weather. Bed is the most constant 
type; green and violet are very 
rare, yellow is rarely absent, and 
orange is very frequentiy pre- 
dominant. 

The Moon's Atmosphere.— 

Professor Alexander brou|;ht for- 
ward at a Meeting, dunng the 
course of 1878, of the National 
Academy of Sciences, a variety of 
evidence, principally drawn from 
observations during eclipses, tend- 
ing to indicate some envelope, like 
an atmosphere, for the moon. The 
explanations usually offered for 
the bright band seen around the 
moon at such times were fully 
considered and shown to be in- 
adequate, though good as far as 
they would apply. The ruddy 
band of light is much too broad 



to be the sun's chromosphere. 
Various experiments proved that 
it was not a consequence of con- 
trast alone. It was most apparent 
in those instances where the moon 
was nearest the earth. It could 
best be accounted for by supposing 
an atmosphere to the moon — a 
thin remnant of ancient nebulosity 
comparable to that which accom- 
panies the earth and gives rise to 
the appearance of the aurora 
boreahs. 

Sun Spots.— Professor Wolf, 
of Zurich, has spent many years 
in collecting from every possible 
source records of sun-spots from 
the beginning of the seventeenth 
century, and the beginning of the 
telescope. And after careful exa- 
mination he arrives at the conclu- 
sion that they do not bear out the 
theory of an eleven years' period, 
for since 1610 there are 20 or 30 
different maxima and minima, ex- 
tending to 16 years in some in- 
stances, and in others contracting 
to seven years. This is a fresh 
proof that many more observa- 
tions are required for a settlement 
of the question. 

London In8titation.->A lecture 
was delivered early in 1878, at the 
London Institution, on "Eecent 
additions to our knowledge of 
Shooting Stars," by Prof. Ball, 
the Astronomer Boyal for Ireland. 
The lecturer reminded his hearers 
that besides the stars we see on a 
clear night, and besides those the 
telescope makes known, there are 
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coantless bodies moving tliroagh 
space which even the most power- 
ful telescope fails to reveal, till' 
thej come either in the orbit of 
the earth or of its atmosphere. 
These are what are called meteor- 
ites and shooting stars, and it is 
important to distingaish clearly 
between the two. Thej are alike 
luminous from the same cause, 
that of friction in passing through 
the atmosphere, though but few 
people have ever seen a meteorite 
fallmg. The number of shooting 
stars is infiuitely greater than is 
usually su])]>osed, for observers 
with telescopes often see them 
flash across the field in dimensions 
too small to be seen with the naked 
eye. We know that shooting stars 
undergo combustion in passing 
through our atmosphere. What 
becomes of the ilehris ? The snow 
of the A1])s, far away from fur- 
naces, contains globules of iron, 
and dust that has quietly accu- 
mulated in exposed places contains 
them also. It is supposed they 
represent some of the debris. 
Though we may grumble at our 
atmosphere in bskd weather, we 
must recollect it, at least, does 
this, it burns up these bodies that 
are pelting down upon us at a rate 
100 times greater than the missile 
of an 81 -ton gun, and, but for 
this burning up, they would be 
at any rate awkward for us. In 
looking at the knowledge accu- 
mulated with regard to shooting 
stars, the first point to notice, 
Professor Ball says, is that certain 
great showers are periodical, and 
always come from the same parts 
of the heavens. According to the 
constellation from which they 
appear to come, they are called 
Jjyraids, Ferseides, Orionids, Leo- 



nids, &e. The inference from 
these recurring periods is that the 
orbit of the earth then cuts the 
orbit in which a mass of these is 
moving. With this fact of re- 
currence it must be noticed that 
certain comets are periodical, and 
from a comparison of their sup- 
posed orbits with those of groups 
of these bodies, a connexion be- 
tween them is inferred, whatever 
maj be the origin of the comets, 
which is not yet known. Meteor- 
ites, on the contrary, are never 
known to come from the direction 
of a comet path. If a meteorite 
is carefully examined, it is seen to 
be a fragment of some rock, and 
that of one closely analogous to 
our earth's volcanic rocks. If we 
consider in turn the volcanic 
sources from which they could 
have come, we see the sun would 
have force enough to drive off 
fragments ; but it is hardly likely 
that there are solid rocks there to 
drive off. Jules Yerne is right, 
Professor Ball says, in calculating 
that a body driven up from the 
earth with a force equal to six 
miles a second would not return. 
From Ceres three miles a second 
would be sufficient. Examining 
all the planets in turn, it seems 
improbable that the meteorites 
originate from any of them. It 
seems much more likely that they 
were in former times of greater 
volcanic activity driven up from 
the earth itself, and they again, 
after lapse of ages, meet tne earth 
in its orbit. The theory that they 
come in from unlimited space is, 
Professor Ball thinks, highly im- 
probable. 

The CoHdition of Mars.— In a 
paper read, during the course of 
1878, at a Meeting of the IRojal 
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Astronomical Society, Mr. Brett 
argaes against tlie hypothesis that 
JMars is m a condition similar to 
that of the earth. He grounds 
his conclusion on the fact that 
in all his observations of Mars he 
has seen no clouds in the atmo- 
sphere thereof. The atmosphere is 
very dense, of great bulk, and is 
probably of a temperature so 
high that any aqueous vapour 
contained therein is prevented 
from condeusation. Mr. Brett 
implies that the glowing red 
colour of the middle of the disk is 
flowing red heat ; and he remarks, 
*' In terrestrial experience there is 
always an intermediate pheno- 
menon between vapour and snow, 
namely opaque cloud ; and the 
absence of this condition seems 
fatal to the hypothesis that the 
white polar patch, as hitherto sup- 
posed, consists of snow." Accord- 
ing to Mr. Brett this patch is not 
only not snow ; constitutes no 
part of the Eolid mass of the 
planet ; but is nothing more than 
a patch of cloud, " the only real 
cloud existing in Mars.'* 

The Moons of Mars.— Plane- 
tary satellites are a characteristic 
of our solar system ; and now that 
the able astronomers at Washing- 
ton have shown that Mars has 
two moons, that mythological 
deity ceases to be exceptional. 
Neither in rate of motion nor in 
distance from the planet is there 
agreement between the two ; for 
we are informed by Mr. Christie 
of the Greenwich Observatory, 
that " the outer satellite revolves 
once in less than a day and a 
quarter, and the inner three and 
a quarter times in one day. The 
phenomena," he continues, *' pre- 
sented to an inhabitant of Mars 



must be yerj remarkable, for the 
outer satellite will remain above 
the horizon for two and a half 
days and nights, and the inner 
will rise in the west and set in the 
east twice in the course of the 
night. The lunar method of de- 
termining longitudes must be 
singularly easy with such a 
rapidly-moving satellite, which is 
equivalent to the addition of a 
minute-hand to the celestial clock, 
which in our case has to be read 
by the hour-hand alone." 

Mr. Christie tells us further 
that the two moons have been 
seen by observers at Greenwich, 
Paris, and other places ; and he 
remarks, that if they " have been 
in existence for ages, it seems 
strange that they have not been 
discovered before, especially at 
the opposition of 1862, when Mars 
approached the earth as closely as 
this year; but it is naturally 
much easier to see an object that 
has once been found than to dis- 
cover it independently. The 
satellites must be much smaller 
than any of the minor planets 
hitherto discovered. Can Mars 
have picked up a couple of very 
large meteorites, which have ap- 
proached him closely ? " 

Leaving this question to the 
experts, we add, in passing from 
the subject, that the orbital velo- 
city of one of the moons is 79 
miles a minute ; of the other, 
50 miles ; and that their dis- 
covery has enabled astronomers 
to determine the mass of Mars, 
and thus settle what has been to 
them an important and long- 
standing problem. — Chambers's 
Journal. 

The Nebular Hypothesis.— 
In a communication to the Amefci^ 
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run JournaU rrofesBor Kirkwood one maybe accelerated, bu 
di?c asses the question— Does the expense of the other. Tl 
motion of the inner satellite of | falls oat of the race, as 
Marsdisprovethenebalarhypothe- j and is gradaallr drawn in 1 
sis F " This satellite/' he remarks, ; the planet. The conseqr 
*'is withinthree thousand fourhun- \ that, possibly not so mncl 
dred miles of the planet's surface, count of the improyem< 
and completes three orbital revo- telescopes of late years, b 
lutions in less than a Martial day. haps simply in conseqneno 



gradual dosing in of th< 
system, a new rin^ of Sati 
been observed inside the 
onefi, called from its app< 



How is this remarkable fact to be 
reconciled with the cosmogony of 
Laplace P" The Professor tiien 
remarks that there is some simil- 
arity between the movements of the crape ring, which was 
the satellites and those of the when first observed, but 
rings of Saturn. The rings are dually becoming broader, 
composed of clouds of ezcoediogly crape riug[ is formed of t 
minute planetoids, and while Uie garda which have been 

I ' outer ring revolves in a period out of the race, and are gr; 

1 pomewhat greater than that of , falling in towards Saturn 

< Saturn itself, " the inner visible ■ face. It is then suggeste< 

edge of the dusky ring completes a ! by a process similar to tin 
revolution in al)out eight nours." ! described, the phenonema 

1 These rin^, in the woras of Pro- 1 Martial system may hav( 

feasor Tait, like everything cos- j produced, and the argumei 
mical, must be gradually decaying - eludes thns : " Unless som 
because in the course of their explanation as this can b< 
motion round the planet there the short period of the 
must be continual impacts among satellite will doubtless be n 
the separate portions of the as a conclusive argument 
mass ; and of two which impinge ; the nebular hypoi^esis." 
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The Paris Universal Exhibi- 
tion. — So far as exhibitions were 
concerned, the Universal Exhibi- 
tion of Paris was the great event 
of 1878. It was thrown open to 
the public on the 1st of May by 
the President of the French 
ItepubUc, in presence of a large 
assembly of illustrioas visitors. 
A general description of the plan 
of the exhibition and its principal 
buildings may here be given ; the 
reader will find it a record of a 
colossal effort — "un effort de 
redressement superbe/' says a 
foreign writer; and really it is 
marvellous that France, after all 
she has undergone, should yet 
have energy left for such a gigantic 
enterprise. 

The space occupied by this 
exhibition was divided into two 
unequal parts by the Seine, one 
dominating the other. At the 
extreme end of the more elevated 
portion stood theTrocad^ro Palace, 
which looked down on a sister 
construction in the Champ de 
Mars, on the other side of the 
river. The Trocad^ro Palace was 
build of white stone, and consisted 
of a rotunda supported by columns, 
crowned by a dome not unlike 
that of the Invalides, and flanked 
by two lofty towers. On each side 
of the building extended a colon- 
nade in the form of a semicircle, 
the rotunda boldly projecting 
forward. The object for which 
the Trocad^ro Palace was especi- 
ally destined was to serve as a 



lecture and concert-hall, and also 
to receive within its walls the 
members of the numerous learned 
societies and industrial congresses 
which assembled in Paris during 
the exhibition season. 

Built by MM. Davioud and 
Bourdais, in a composite style of 
architecture, half Moorish, half Re- 
naissance, the dome and glittering 
minarets of the Trocad^ro Palace 
made it conspicuous for miles away. 
Its rotunda, which holds 7,000 
persons, was the place where the 
inaugural ceremony was held and 
where the prizes were distributed. 
Flanking tbe rear of the rotunda 
and spreading in two shapely 
semicircles to right and lefk» were 
the wings, occupied by exhibits of 
glass*, porcelain wares, and statu- 
ary. Terraces with colonnades 
fronted the wiu^s, and overlooked 
the gardens, which sloped down to 
the river quay, as also the cascade 
and fountains, which descended 
from the foot of the rotunda and 
bisected the grounds. Eight large 
basins, surrounded by smaller 
ones, composed the reservoirs of 
this cascade, and each was pro- 
vided with a giant water-spout. 
That of the broadest and lower- 
most basin threw up a jet to the 
height of 83 feet, splashing the 
colossal statues of the four beasts 
which adorned the pedestals at 
the basin's ancles, viz. : — A bull, 
by M. Oaan; ahorse, by Bouillart; 
a rhinoceros, by Jacquemart ; and 
an elephant by Fromiet. The 
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rhiDooeroB, fttanding with his 
fore>paws eleTatedon a bonlder of 
roclr, was espedaUj remarkable. 

The mount or rising ground of 
the Trocaddro, as many of our 
readers will remember, obtained 
its name and fame as a public 
monument from the victory of a 
French military force, in 1823, 
employed to capture the Spanish 
fort of the Trocaddro m the 
harbour of Cadiz, for the suppres- 
sion of a politi^ revolt in the 
kingdom ot Spain. 

Tnc Trocaddro was united to 
the Champ do Mars by an open 
iron-way thrown across the Pont 
de Jena ; underneath which iron- 
way, and on the bridge of Jena 
itself, were placed the nuge tubes 
which conveyed the waters of the 
Trocaddro cascade to artificial 
lakes in the park surrounding the 
palace of the Champ de Mars. 

The length from the Trocad<$ro 
to the Ecole Militaire was 1,540 
mbtres, equal to about 1,684 yards, 
and the breadth 450 metres, 
equal to 492 yards; the total 
ground covered by the various 
buildings, gardens, and courts, 
within the exhibition walls being 
thus 693,000 mbtres, equal to 
757,968 yards. The main build- 
ing in the Champ de Mars 
covered 263,592 yards, being 765 
yards in length, and 360 yards in 
breadUi. Tne annexe buildings 
covered a considerable extent of 
ground, conspicuous among them 
being the principal English an- 
nexe, occupying a space of about 
8,750 yaras. The space appro- 
priated to the Englisn section in 
the main building was about 
30,187 yards. Thus the English 
department, in point of extent, 
was by far the most important of 



the foreign sections, covering, with 
the annexe included, 38,937 yards. 

ConstructionB in the tWo gardens 
of Uie Champ de Man imd the 
Trocad^ro might be divided into 
four categories — first, official and 
administntive buildings ; second, 
various annexes and pavilions be- 
longinff to foreign countries; 
tbira, Duildings devoted to the 
reception of the products of French 
mecnanical industry ; and, fourth, 
restaurants, of which there were 
a great diversitjr, in ornamental 
buildings of various design and 
fashion. 

The Champ de Mara Palace 
was approached by four main en- 
trances. The Porte Tourville, on 
the rig[ht hand side of the Ecole 
Militaire. conducted the visitor 
into the neart of the French ma- 
chinery department; Porte Du- 
pleix, at the opposite angle on the 
left, led into the depari^ment of 
forei^ machinery ; Porte Dessaix 
and Forte Bapp, the former in 
the centre of the Avenue Suffren, 
and the latter in that of the 
Avenue de la Bourdonnaye, on 
the opposite side, were the direct 
routes to the fine-arts galleries. 
Fortes Crenelle and of the Seine, 
situated at the two extremities of 
the Exhibition grounds bordering 
the river, were the best entrances 
by which a visitor could view with 
advantage the panorama pre- 
sented by the two palaces, the 
garden, and the Seine. 

The main Exhibition Building, 
in the Champ de Mars, was of 
quadrangular shape, and its front 
aspect, which was verv light and 
graceful, bore the visible outward 
impress of its destiny — namely, 
the temporary sojourn of the 
treasures of art and the mani- 
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fold prodactions of civilisation. 
It was crowned by two figures of 
genii, below whicb were six em- 
blematical statues of European 
nations, England being twice 
symbolised— first, as Britannia, 
and secondly, as a Colonial Power. 
Commencing from the Ecole Mili- 
tture, tbe Palace of the Champ de 
Mars was bisected by two long 
nncovered ways, which divided it, 
so to speak, into two nearly equal 
parts, the right being devoted to 
the products of French industry, 
and the left to those of foreign 
nations ; the centre of these two 
parallel routes being occupied by 
the section of the fine arts of all 
nations. One of these lateral 
routes possessed a peculiar fea- 
ture, presenting a specimen of the 
architecture of all the difierent 
foreign nations who had contri- 
buted to the Exhibition. The 
Prince of Wales's Indian pavilion 
stood first, followed by the severe 
but tasteful fa9ade of a model 
factory: then came a row of 
pleasure villas, such as one might 
admire on the banks of the 
Thames about Richmond and 
Maidenhead ; after which the 
United States, Sweden, Norway, 
and Italy successively showed 
their dwellings of brick or wood, 
and their palaces of marble. 
Japan, China, Spain, and Austria- 
Hungary might be studied next ; 
then came Russia, with houses 
curiously painted ; Switzerland, 
with cottages and dairies; Bel- 

f'lum, with fretted models of 
lemish town-halls ; then Greece, 
Denmark, South America, Mo- 
rocco, Luxemburg and Monaco, 
Portugal and Holland— all in the 
order named. These houses stood 
to the right of the grand street, 



and the architectural sample of 
each nation formed the fa^de to 
the industrial and art sections 
which lay behind. The whole of 
the left side of the street and the 
left wing of the Exhibition build- 
ing to the rear were occupied by 
French houses and by the French 
sections of exhibits, so that France 
alone had chartered a space equal 
to that of all other nations clubbed 
together. Among foreign coun- 
tries England stood foremost, both 
for the extent and excellence of 
its productions. 

The centre of the Palace erected 
on the Champ de Mars, bounded 
on each side by the bisecting ways 
described already, and cutting the 
Fine Arts Section in two, was a 
magnificent hall reserved for the 
city of Paris exhibitors. A long 
gallery ran across the front of the 
Palace facing the Trocad^ro, one 
end of which was guarded by a 
bronze equestrian statue of Charle- 
magne, supported by two warriors 
grim and bearded, with battle-ase 
in hand; and at the other rose up, 
in all the glories of dome and 
cnpola, an Indian temple abutting 
on the English section, where the 
magnificent Indian collection of 
the Prince of Wales was deposited. 
Following the precedent of former 
Exhibitions, the gallery of machi- 
nery formed the outer rim of the 
two sides of the building, and on 
the third side, facing tiie Ecole 
Militaire, was a gallery reserved 
for the exhibition of manual labour, 
where workpeople were engaged 
in pnrsuing their varions callings 
under the eye of the spectator. 

In addition to the large French 
gallery for machines was another 
vast gallery for the reception of 
foreign machines ; England, Bel- 
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gium, and tho United States, all 
great prodacen of machinet, were 
prominently represented. The 
machines of otner nations* less 
advanced in this branch of indus- 
try, were placed amongst their mis- 
cellaneoas productions. The nine 
hectares (90,874 square metres), 
originally allotted to them, were 
far from sufficing for the needs of 
foreign exhibitors. 

In the English section of the 
Exhibition the contributors num- 
bered more than 1,500, London 
and its suburbs contributing about 
700; Manchester, 64; Birming- 
ham, 56 ; Glasgow, 43 ; Leeds, 40 ; 
Edinburgh, 38; Sheffield, 35; 
Dublin, 28; Huddersfield, 24; 
Liverpool, 22 ; Bradford, 18 ; Bel- 
fast, 17; Norwich, 16; Bristol, 
15 ; and Nottingham, 13. Some 
classes were crowded, while others 
were all but empty, or even en- 
tirely so. There were 31 brewers 
and distillers among the ex- 
hibitors. Vegetables and fruits 
had only one entry, which pro- 
ceeded from Edinburgh. Paper- 
hangings, shawls and flowers, and 
ornamental plants, had only three 
each ; cutlery, five : mapo, travel- 
ling apparatus, and camp equip- 
age, military materials and ap- 
paratus, six each. At the other 
end of the scale, mining and 
metallurgy had 108 entries ; 
chemical and pharmaceutical pro- 
ducts, 89; civil en^neering ap- 
paratus, 81 ; maohmes and ap- 
paratus in genera], 79 ; woollen 
yam and fabrics, 69 ; agricultural 
implements, 68; navigation and 
life-saving apparatus, 45; clothing, 
44; agricultural and food-makiog 
apparatus, 41. Taking the broader 
demarcation of groups, mechanical 
ajc^aratns and processes muster 



530 exhibitors; textile fabrics, 292 ; 
'furniture and acoeBaorieSy 244.; 
mininjz indostries and raw and 
manonctured prodacts, 241 ; edu- 
cation and liberal art processes, 
208; alimentary prodncts, 98; 
and horticulture, 25. In. the fine 
art group there were 283 oil 

n tings, 191 water ooloors and 
rinffs, 46 sonlptoxes, 171 archi- 
tectunl drawing and models, 
and 42 engravings tnd litho- 
graphs. 

The exhibition, by good fortune^ 
could be reached either by tram- 
way, or railway, or by the Seine. 
At the stations of afi the trunk 
lines of railway tickets were 
granted for the exhibition, the 
passengers being forwarded to 
their destination by the cironlar 
railway without any additional 
expense. 

The exact cost of constructing 
the Exhibition was announced to 
have been 45,300,000f., being 
10.000,000f. in excess of the ori- 
ginal estimate ; an excess due to 
enlargement of plans and the re- 
solution to make the Trocad^ro a 
permanent building. 

The Exhibition closed at 5 p.m. 
on Sunday, November 10th. Not- 
withstanding the keen wind and 
sombre sky, there was an attend- 
ance of 130,000 visitors, half of 
that number, however, being free 
admissions. The gross receipts 
from the Ist of May were 
12,653,746f., against 9,830,369f. 
in 1867. 140,000f. was paid for 
admissions before the opening 
and after the close, and 700,0001. 
for extra charges ; sources of re- 
venue not existing in 1878. More- 
over, in 1867, tnere were only 
400,000 free admissions ; there 
were in 1878, 950,000: and the 
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artisan delegates from the pro- 
vinces numbered 22,000 in 1878, 
as compared with 354 in 1867. 
The grand total of admissions 
was 16,032,725, being an average 
of about 82,000 per day. 

The following statistics relating 
to previous exhibitions, which we 
draw from D&iUach Ind, Z&ifung, 
will be found of interest: — The 
London Exhibition of 1851 num- 
bered 13,917 exhibitors, and was 
visited during 142 days by 
6,099,194 persons ; the Paris 
Exhibition of 1855 had 24,954 
exhibitors, was open 200 days, 
and visited by 5,121,330 persons ; 
the London Exhibition of 1862, 
28,650 exhibitors, 176 days, 
6,211 JL03 visitors; the Paris Ex- 
hibition of 1867, 50,226 exhibitors, 
210 days, 10,200,000 visitors ; the 
Vienna Exhibition of 1873, 42,584 
exhibitors, 186 days, 7,254,687 
visitors ; the Philadelphia Exhibi- 
tion of 1876, 159 days, and 
9,857,625 visitors. 

The awards a(X2orded to each 
nation have been thus summa- 
rized : — The silver and bronze 
medals and honourable mentions 
argued quantity rather than 
quality. The best criterion of 
the latter, assuming that the 
judges had been fairly accurate, 
or thaif internationally, their mis- 
takes neutralised each other, was 
the number of grand prizes and 
gold medals. Of these, France 
carried off 1984 ; England and her 
colonies, 369 ; Austria-Hungary, 
252; Belgium, 184; Spain, 167; 
Italy, 157 ; United States, 145 ; 
Bussia, 123 ; Switzerland, 86; 
Holland, 70; Sweden and Nor- 
way, 70 ; the French colonies, 57 ; 
Denmark, 27 ; Greece, 12. As to 
the distinctions of all kinds. 



France, of course, stood first, with 
13,569; Spain and her colonies 
coming next, with 2,500 ; England 
and her colonies, thir J, with 2,455 ; 
and Austria fourth, with 1,770. 
The Spanish aggregate exceeded 
the English by reason of a larger 
number of minor awards — ^viz., 
829 bronze medals and 964 hon- 
ourable mentions, as compared 
with 779 and 647. 

A Paper Exhibition.— A Paner 
Exhibition was held in Benin 
during the course of 1878, and an 
instructive variety of objects was 
exhibited — from flimsy to paper 
carpets, chairs, and even boats. 
Both the articles manufactured 
and the materials, chemical and 
other, connected with the manu- 
facture of paper, were exhibited. 
The following interesting statis- 
tic^ regarding the consumption of 
paper are obtained from the Cata- 
logue : — 

Number of Kilos Kilos 

Inhabi- con- per 

tants. Bomed. head. 

United Skates 39,000,000 535,000,000 z4'o 

Germany ... 43,000,000 244,000,000 6'o 

England ... 33,000,000 16^,000,000 5*0 

France 37,000,000 138,000,000 3*6 

Anstria-Hun- 

gary 36,000,000 93,000,000 a*5 

Kussia 97.000,000 67,000,000 o'9 

Italy ^ 38,000,000 38,000,000 1*4 

Scandinavia 6,000,000 3,000,009 0*5 
Belgium ... 5,500,000 27,000,000 s'x 
Switzerland 3,500,000 17,000,000 6*3 

According to inscriptions put up 
in the haU of the Exhibition, and 
illastrated by paste-board cubes of 
different size, 600,000,000 ' men 
employ Chinese paper, while 
366,000,000 use the European, 
and 130,000,000 the Arabian 
article ; 24,000,000 write on leaves, 
bark, and wood, 280,000,000 dis- 
peasiog with writing and reading, 
and consequently taking no in- 
terest in this enlightened exhibi- 
tion. 
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Living on a Trifle per Day — 

The qaestioii of how little food is 
Bufficient to support life has been 
studied by aa Indian doctor, in 
the most practical manner, the 
doctor having subjected himself to 
a diet ezpenment for six weeks. 
In support of his theory that a 
man's daily food should only cost 
him sixpence, the doctor lived for 
the first seven days on bread, 
milk, fruit, and vegetables, cost- 
ing only 3«. Id., and havins: an 
average daily weight of a little 
over half a pound. His health 
remained penect and his weight 
did not diminish, so for the second 
week he took prepared farinaceous 
food, milk, and fruit, consuming 
daily a little over 9^ oz., and then 
felt so strong that he gave up 
milk and lived on 'Sd. a day. In 
the fourth week he took naif a 
pound of food daily, at a cost of 
2d,, and tried soup, puddings, and 
eggs, but this did not answer, and 
for the fifth and sixth weeks he 
lived on 8J oz. to 9 oz. daily. He 
carefully avoided stimulants and 
tobacco, and finally declared that 
he experienced a constant increase 
of physical strength and power of 
work. 

How to Render Corks Air and 
Water Tight.— The Chem, Zei- 
tung suggests the use of paraffin 
as the best method of making 
porous corks gas and water tight. 
Allow the corks to remain for 



about five minutes beneath tibe 

, surface of melted paraffin in a 

suitable vessel, the oorks beins 

held down eiUier by a perforated 

lid, wire screen, or similar device. 

Corks thus prepared can be easily 

cut and bored, have a perfectly 

smooth exterior, may oe intro- 

I duced and removed from the neck 

' of a flask with ease, and make a 

, perfect seaL 

Safety for Post Office Packages. 
— The postal wrappers and en- 
velopes in common use can, of 
course, be easily opened by loosen* 
ing the gum with moisture. Post- 
age stamps can, in the same way^ 
be dishonestly detached. The ob- 
ject of a recent American patent, 
by Mr. Fox, of Baltimore, is to 
meet this evil. Two adhesive 
compounds are used — one is ap- 
plied to the flap, the other to the 
part against which this is pressed. 
The latter, which is not touched 
with the lips or the tongue, is pre- 
pared thus : — ^About 2*6 gr. crystal- 
lised chromic acid is dissolved in 
15 gr. water and 15 gr. ammonia. 
To this mixture are added about 
10 drops of sulphuric acid, and 
30 gr. of sulphate of cupric 
oxide-ammonia, as also 4 gr. 
fine white paper. The other 
solution, for tne flap (which 
is moistened with the mouth), 
is obtained by dissolving is in- 
glass in dilute acetic acid (1 
part acid to 7 parts water) over 
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the water bath. When the parts 
of the wrapper, ^c, are fastened 
together, the nnion is so firm as 
to resist all loosening iniiaences, 
acids, alkalies, hot or cold water, 
or steam ; the wrapper can only 
be opened by tearing or cnt- 
tinfir. 

The Apparatus of Electric 
Lighting. — Some of the more in- 
teresting portions of the apparatus 
of electric lighting are shown in 
onr frontispiece. One figure re- 
presents the Jablochkoff candle, 
which consists of a pair of carbon 
rods, a and a, each nine inches 
long aod a trifle over three-six- 
teenths of an inch in thickness. 
The pair are connected at the top 
by a short piece of carbon, hot 
are, throughout their length down- 
ward, insulated respectively by an 
intervening composition of cnina 
clay, &. The* lower end of each 
carbon is inserted in a brass tube, 
c, which is the socket by which it 
stands in the chandelier, also 
shown in the frontispiece. (S!ee 
the Year Book of Facts for 1877.) 
The Gramme machine and the 
Wallace machine, represented by 
the artist, are machines employed 
for generating the electricity with 
which the light is fed. The latter 
machine is the one most in use in 
the United States ; the former is 
that chiefly employed in this 
country. The Gramme machine 
is the invention of a Parisian 
workman. Its principle — a prin- 
ciple which involves many abstruse 
questions of electric currents— is 
tnat of an induction coil having 
for its core a ring or cylinder of 
soft iron, and revolving mechani- 
cally between two round bars, 
each of which is the core of a pair 
of electro- magnets. 



Superstitions about "Thunder* 

stones." — An interesting work, 
entitled "L*Age de Pierre dans 
les Souvenirs et Superstitions 
Populaires,'* was published, early 
in 1878, by M. Emile Cartailhac. 
M. Cartailhac has collected in- 
stances of the use of flint imple* 
ments as amulets and instruments 
of superstition, and the references 
to such use in classic and other 
authors. His conclasions are that 
in our own days, in the Middle 
Ages, in antiquity, and in all 
countries, a ** tnunderstone, " or 
similar venerated object, has 
proved, in nearly every instance 
that can be verified, to be a 
stone hatchet or a stone arrow* 
head, a relic of the first inhabi- 
tants of the country. Superstition 
availed herself of such relics be- 
cause the history of the stone age 
had been lost. While, in the lands 
of classic antiquity, the use of cer- 
tain stone instruments survived 
in some cases, that was in conse- 
quence only of the conservative 
spirit of religion ; proof of the 
prolongation of an age of stone 
among a people in contact with 
advanced civilisation is vainly to 
be looked for, the stone imple- 
ments found in connection with 
remains of nations expert in the 
use of metals being accounted for 
by the superstitious ideas which 
had become attached to them» 
The age of stone was, in fact, a 
first state of civilization of which 
humanity everywhere retains a 
more or less unconscious tradi- 
tion. These views are supported 
by a reproduction of the illustra- 
tions to Mahudel's remarkable 
memoir on pretended thunder- 
stones, read in 1740 before the 
French Academy, and by many 
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other illnstratioDB and quota- 1 
lions. i 

Is the Brain a Phonograph P— ; 

Speaking recentljr at the Society ! 
of Telegraph Engineers, Dr. C. W. \ 
Siemens " ventured to draw an 
analogy between the action of the 
phonograph and the action of the 
brain m the exercise of memory," 
and in Nature, for May 30, 1878, 
he enlarged npon his speculation 
to the ej&nt of making his reason- 
ing clear enough to submit it to 
the critical tesC All impressions 
received by us from without, either 
through the tympanum of the ear, 
the retina of the eye, or through 
the sensitive nerves of the skin, 
are, it is generally believed by phy- 
siologists, communicated to cor- 
puscular bodies in the brain, which 
lie imbedded in a grey snl^tance, 
the nature and precise function of 
which have not yet been fully ex- 
plained. It would appear that 
the corpuscular bodies in which 
the sensitive nerves terminate are 
connected, through the medium of 
extremely delicate filaments, with 
the nervous system of volition, 
the reaction of the one system 
upon the other being attributable 
to mental energy. It may be con- 
ceived that any fresh impressions 
received on the extremely complex 
sensitive network of the brain may 
give rise, then and there, to acts of 
volition ; but how, it may be asked, 
can acts of volition arise from 
impressions that were communi- 
catisd through the sensitive nerves 
years before, having been com- 
mitted in the meantime to 
what we term the memory P But 
in order that the mind can deal 
with an impression previously 
received it seems necessary that 
Jt mast have the power of 



reproducing the same from 
some material record by whidh 
the impression has been rendered 
permanent. Take the case of a 
tune that we have heard in early 
youth and which may not have 
since recurred to ns. By some 
incident or other that tune and 
the words connected with it be- 
come suddenly rerivified in the 
mind. If the tune had been sung 
into a phonograph it could have 
been reproduced at any time by 
releasing a spring moving the 
barrel of the instrument ; and it 
seems a fair question to ask 
whether the gray substance of 
the brain may not, after all, be 
something analogous to a store- 
house of phonographic impres- 
sions representing the accumu- 
lated treasure of our knowledge 
and experience, to be called into 
requisition by the clirecting power 
of the mind in turning on, as it 
were, one barrel or anouier. 

Such a hypothesis might pos- 
sibly serve also to explain how in 
sleep, when the directing power 
of the mind is not active, a local 
disturbance in the nervous system 
may turn on one or more phono- 
graphic barrels at a time, and 
thus produce the confused imaj^es 
of dreamland ! A powerful mind 
would exercise a complete control 
over the innumerable barrels con- 
stituting our store of knowledge, 
whereas in a weak mind the im- 

Eressions of the past would be 
rought back into evidence in a 
confused and irregular manner. 
Such a supposition might also 
account for the more vivid recol- 
lection of impressions received in 
early life, when the mechanicaiL..^ 
record stored up in the brain may 
be supposed to have been more 
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distinctlj and indelibly rendered. 
In speaking of these impressions 
as paonographic, it does not fol- 
low tliat they were originally con- 
veyed throngh the tympanum of 
the ear. Mr. Willoughby Smith, 
at the meeting above referred to, 
called attention to the fact that, 
by snbstitnting crystalline sele- 
nium for carbon in the micro- 
phone, a ray of sunlight directed 
upon the selenium produces a 
noise comparable with that pro- 
duced by a Nasymth hammer ; 
and it is quite feasible that the 
impressions received through the 
retina of the eye, and the nerrous 
system ^nerally, would be equally 
susceptible of being recorded in 
the cerebral storehouse. The re- 
cord itself might be supposed to 
be of a mechanical, or, more pro- 
bably, of a molecular character, 
the one thing important being 
that it must be material These 
observations are, no doubt, ex- 
tremely crude, but may serve pos- 
sibly to direct the attention of 
physiologists to a point of interest 
to their science; nor would it be 
the first occasion on which a 

Ehenomenon of inanimate nature 
ad revealed the secrets of ani- 
mate organisation. 

Healui and Edncation. — Dr. 
B. W. Eichardson delivered a lec- 
ture during the month of January, 
1878, at the London Institution, on 
"Learning and Health." After 
describing, in his introductory re- 
marks, excessive specialization on 
the part of men of science and 
members of learned professions. 
Dr. Richardson said he trusted 
some scholar would declare the 
unity of knowledge, and denounce 
from the point of view of educa- 
tion the subdivision of knowledge 



into minute departments, out of 
which the student dared not step. 
To him it fell to oppose the system 
as destructive to vital activity, 
and thereby to the strength of 
mental growth. It was his busi- 
ness to declare that at this time 
health and education were not go- 
ing hand in hand. He could not 
sit day by day to see the failure of 
the youn^ biain, and of the brain 
approaching its maturity, and of 
the brain matured, and tamely 
accept the phenomena as inevit- 
able. To him, observing as a 
physician, the appearance now-a- 
days of such men as Shakespeare, 
Reynolds, Kemble, Newton, Bacon, 
Scott were, in the freedom of their 
intellectual growths, was impos- 
sible. Nature could, as of old, pro- 
duce acorns for future oaks, but 
if the young oaks were forced in 
their growth, and when approach- 
ing maturity were barbarously 
compressed into narrow and un- 
yielding tubes, there would be no 
forest. 

The present modes of education 
are not compatible with healthy 
life. Faults in construction of 
schoolrooms, in school discipline^ 
and school punishment exist, but 
they are departing errors. In 
their time tney hardened many 
hearts and broke more, and have 
left their impress on the men and 
women whom they trained into 
transmissible forms of character 
and mind. 

The first serious and increasing 
evil bearing on education and its 
relation to health lies in the too 
early subjection of pupils to study. 
Children are often taught lessons 
from books before they are pro- 

Eerly taught to walk and long 
efore they are properly taught to 
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play. Play is held out to tbem 
not as a natural thing, as some- 
thing which the parent should feel 
it a duty to encourage, but as a 
reward lor so much work done 
and as a rebt from work done, as 
though play were not itself a 
form of work, a form of work 
which a child likes while he dis- 
likes another form because it is 
unfitted to his powers. For 
children under seven years of 
Boe all teaching should be 
through play. Through ■ play 
letters and languages can l>e 
taught, animal life can be clas- 
sifiea, and the snrface of the 
earth made clear, and history can 
be told as a story. Under such a 
system the child grows into know- 
ledge, learns well, eats, sleeps, and 
plays well, and acanires the habit 
of happiness. The increase of 
garden schools is a good sign. 

There are schools where children 
of eight, nine, and ten years of 
age, or it may be younger, are 
made to study from nine o'clock 
until noon, and again, after a hasty 
meal and an hour for play, from 
two to five, and later on are 
obliged to prepare lessons for the 
following morning. The brain is 
rendered active because diverted 
from its natural course ; the child 
becomes precocious. Its ton^e 
will be jcurred or covered with 
many red points like a strawberry, 
or too rea and very dry. The 
appetite is capricious, strange 
foods are asked for, and the 
stomach is never in order. If 



you watch the face you note that 
the frequent flush gives way to 
paleness. The^ eyes gleam with 
light at one time, and are dull 
and sad at another. The sleep 
is broken. The child is a victim 
to the intemperance of education. 
Dr. Bicluurdson passed on to 
speak of overwork and unhealthy 
competition at a somewhat lat^ 
age, observing that to put a horse 
in harness and make it work hard 
while growing is acknowledged to 
be cruel and ignorant, but that 
to make a growing child work hard 
is thought a mark of vigilance. 
Teachers are often forc^ into 
such a course by the ambition of 
parents. The physician sees the 
result of the excitement of success 
and the depression after failure. 
Young men and jroung women 
now wno are presenting themselves 
for the higher class examinations 
are crushed by the intensity of the 
eflfort. In the past year four of 
these victims had been under the 
lecturer's care. In one, absence 
of memory had resulted; in an- 
other, sleeplessness, and that ex- 
haustion which leads almost to 
delirious wandering. Here failure 
caused extreme depression. In 
the third case sleeplessness, 
labour, and excitement brought 
on an hereditary tendency to in- 
termittency of the action of the 
heart. The examiners were not 
testing the cramming of this 
youth : he failed because his 
heart could hold out no longer 
under their manipulation. 
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XXVII.— THE BRITISH ASSOCIATION. 

PRESIDENT'S ADDRESS. 

Delivered by William Spottiswoode, Esq., M.A,, D.C.L,, LL.D,,F,B,S.t 
F,RA,S., F,ILQ.S., at Dublin, on the lith of August, 1878. 



On looking back at the long 
array of distinguished men who 
both in this and in the sister 
conntries have filled the chair of 
the British Association, on con- 
sidering also the increased pains 
which have been bestowed npon, 
and the increased importance at- 
taching to the presidential address, 
it may well happen when, as on 
this occasion, yonr choice has 
fallen npon one ontside the sphere 
of professional science, that your 
nominee shonld feel nnnsoal diffi- 
dence in accepting the post. Two 
considerations have, however, in 
my own case outweighed all rea- 
sons for hesitation — first, the uni- 
form kindness which I received 
at the hands of the association 
throughout the eight years during 
which I had the honour of holding 
another office ; and, secondly, the 
conviction that the same goodwill 
which was accorded to your trea- 
surer would be extended to your 
president. 

These considerations have led 
me to arrange my observations 
under two heads — viz., I propose 
first to offer some remarks upon 
the purposes and prospects of the 
association with whicn, through 
your suffrages, I have been so long 
and so agreeably connected; and, 
secondly, to indulge in a few reflec- 
tions, not indeed upon the details 



or technical progress, but upon 
the external aspects and tenden- 
cies of the science which on this 
occasion I have the honour to re- 
present. The former of these sub- 
jects is, perhaps, trite ; but as an 
old man is allowed to become 
garrulous on his own hobby, so 
an old officer may be pardoned 
for lingering about a favourite 
theme. And although the latter 
may appear somewhat unpromis- 
ing, I have decided to make it one 
of the topics of my discourse, from 
the consideration that the holder 
of this office will generally do 
better by giving utterance to what 
has already become part of his 
own thought than by gathering 
matter outside of its habituu 
range for the special occasion. 
For, as it seems to me, the interest 
(if any) of an address consists 
not so much in the multitude of 
things therein brought forward as 
in the individuality of the mode in 
which they are treated. 

The British Association has al- 
ready entered its fifth decade. It 
has held its meetings, this the 
48th, in 28 different towns. In 
six cities of note — viz., York, 
Bristol, Newcastle-on-Tyne, Ply- 
mouth, Manchester, and Belfast, 
its curve of progress may be said 
to have a node, or point through 
which it has twice passed ; in the 



174 



THE YEAK-BOOK OF FACTS. 



five Univenities of Oxford, Cam- 
bridge, Dablin, Edinburgh, and 
Glasgow, and in the two flpreat 
commercial centrcR, Liverpool and 
Birmineham, it may similarly be 
said to nave a triple point, or one 
throuffh which it has three times 
passed. Of oar 46 presidents 
more than half (26 in fact) have 
passed away ; while the remainder 
hold important posts in science 
and in the pnblic service, or in 
other avocations not less honour- 
able in themselves, nor less use- 
ful to the commonwealth. And 
whether it be due to the salubrity 
of the climate or to the calm and 
dispassionate spirit in which 
science is pursued by its votaries 
here, I do not pretend to say ; 
but it is a fact tniat the earliest of 
our ex-presidents still living, him- 
self one of the ori^nal members 
of the association, is a native of 
and resident in this country. 

At both of our former meetings 
held in Dublin, in 1835 and 1867 
respectively, while greatly in- 
debted to the liberal hospitality 
of the citizens at large, we were, 
as we now are, under special ob- 
ligations to the authorities of 
Trinity College for placing at our 
disposal buildings, not only un- 
usually spacious and convenient 
in themselves, but full of reminis- 
cences calculated to awake the 
scientific sympathies of all who 
may be gathered in them. At 
both of those former Dublin meet- 
ings the venerable name of Lloyd 
figured at our head ; and if long 
established custom had not seemed 
to preclude it, I could on many 
accounts have wished that we had 
met for a third time under the 
same name. And although other 
diatwgmshed men, such as Dr. 



Robinson, Professors Stokes, Tyn- 
idall, and Andrews, are similarly 
disqualified by havine already 
! p>as8ed the presidential <mair, while 
others again, such as. Sir W. B. 
Hamilton, Dr. M'Cullagh, and 
Professor Jukes, are permanently 
lost to our ranks, still we should 
not have had far to seek had we 
looked for a president in this 
fertile island itself. But as every- 
one connected with the place of 
meeting partakes of the character 
of host towards ourselves as guests, 
it has been thougjht by our oldest 
and most expenenoed members 
that we should better respond to 
an invitation by bringing with us 
a president to speak as our re- 
presentative than by seeking one 
on the spot ; and we may always 
hope on subsequent occasions that 
some of our present hosts may 
respond to a similar call. 

But leaving our past history, 
which will form a theme most ap- 
propriate to our jubilee meeting 
in 1881, at the ancient city of 
York, I will ask your attention to 
a few particulars of our actual 
operations. Time was when the 
Boyal Societies of London and 
Edinburgh and the- Boy al Irish 
Academy were the only represen- 
tative bodies of British science 
and the only receptacles of me- 
moirs relating thereto. But 
latterly, the division of labour, so 
general in industrial life, has 
operated in giving rise to special 
societies, such as the Astronomical, 
the Linnsean, the Chemical, the 
Geological, the Geographical, the 
Statistical, the Mathematical, the 
Physical, and many others. To 
bo^ the earlier or more general, 
and the later or more special 
; societies alike, the British Asso- 
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ciation shows resemblance and 
afiBinity. We are general in onr 
comprehensiveness; we are special 
in our sectional arrangement ; and 
in this respect we offer not only a 
counterpart, but to some extent a 
counterpoise, to the general ten- 
dency to subdivision in science. 
Further still, while maintaining 
in their integrity all the elements 
of a strictly scientific body, we 
also include, in our character of a 
microcosm, and under our more 
social aspect, a certain freedom of 
treatment, and interaction of our 
various branches, which is scarcely 
possible amon^ separate and in- 
dependent societies. 

The general business of our 
meetings consists, first, in re- 
ceiving and discussing communi- 
cations upon scientific subjects at 
the various sections into which 
our body is divided, with discus- 
sions thereon; secondly, in dis- 
tributing under the advice of our 
commit^ of recommendations 
the funds arising from the sub- 
scriptions of members and asso- 
ciates ; and, thirdly, in electing a 
council upon whom devolves the 
conduct of our affairs until the 
next meeting. 

The communications to the 
sections are of two kinds — viz., 
papers from individuals and re- 
ports from committees. As to the 
subject-matter of the papers, no- 
thing which falls within the range 
of natural knowledge, as parti- 
tioned among our sections, can be 
considered foreign to the purposes 
of the association ; and even many 
applications of science, when 
viewed in reference to their scien- 
tific basis, may properly find a 
place in our proceedings. So nu- 
merous, however, are the topics 



therein comprised, so easy the 
transition beyond these limits, 
that it has been thought neces- 
sary to confine ourselves strictly 
within this range, lest the intro- 
duction of other matters, however 
interesting to individual members, 
should lead to the sacrifice of more 
important subjects. 

As to the form of the communi- 
cations, while it is quite true that 
every scientific conclusion should 
be based upon substantial evi- 
dence, every theory complete be- 
fore being submitted for final adop- 
tion, it is not the less desir9,ble 
that even tentative conclusions 
and hypothetical principles when 
supported by sufficient prima 
facie evidence, and enunciated in 
such a manner as to be clearly 
apprehended, should find room for 
discussion at our sectional meet- 
ings. Considering, however, our 
limitations of time, and the varied 
nature of our audience, it would 
seem not inappropriate to suspend, 
mentally if not materially, over 
the doors of our section rooms, 
the Frenchman's dictum, that no 
scientific theory ''can be considered 
complete until it is so clear that 
it can be explained to the first man 
you meet in the street." 

Among the communications to 
the sections, undoubtedly the most 
important, as a rule, are the re- 
ports — that is to say, documents 
issued from specially appointed 
committees, some of which have 
been recipients of the grants 
mentioned above. These reports 
are in the main of two kinds — 
first, accounts of observations 
carried on for a series of years, 
and intended as records of infor- 
mation on tbe special subjects ; 
such, for instance, have been 
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thoM made by tlie Kew Com- 
mittee, by the committees on 
luminous meteon, on Britisb 
rainfidl, on the speed of steam- 
ebips, on underground tempera- 
ture, on the exploration of certain 
geolog[ical caverns, &o. These 
investigations, frequently origi- 
nating in the energy and special 
qualificatioDS of an individual, but 
conducted under the control of a 
committee, have, in many cases, 
been continued from year to year, 
until eitherthe object has been fully 
attained or the matter has been 
passed into the hands of other 
oodles, which have thus been led 
to recognize an inquiry into these 
subjects as part and parcel of 
their appropriate functions. 

The second class is one which 
is, perhaps, even more peculiar to 
the association — viz., the reports 
on the })rogre8s and present state 
of some main topics of science. 
Among these may be instanced 
the early reports on astronomy, 
on optics, on the progress of 
analysis ; and, later, those on 
electrical resistance, and on tides ; 
that of Professor G. G. Stokes on 
double refraction ; that of Pro- 
fessor H. J. Smith on the theory 
of numbers ; that of Mr. Bussell 
on hyperelliptic transcendents, 
and others. On this head Pro- 
fessor Carey Foster, in his address 
to the Mathematical and Physical 
section at our meeting last year, 
made some excellent recommenda- 
tions, to which, however, I need 
not at present more particularly 
refer, as the result of them will 
be duly laid before the section in 
the form of the report from a 
committee to which they were 
referred. It will be sufficient 
here to add that the wide exten- 



sion of the Bcienoes in almost 
every branch and the oonsequent 
specialixation of the studies of 
each individual have rendered the 
need of such reports more than 
ever pressing ; and if the course 
of true science should still run 
smooth it is probable that the need 
will increase rather than diminish. 
If time and space had per- 
mitted, I should have further 
particularized the committees, 
occasionally appointed, on sub- 
jects connectea vrith education. 
But I must leave this theme for 
some future president, and con- 
tent myself with pointing out 
that the British Association 
alone among scientific societies 
concerns itself cUrectly with these 
questions, and is open to appeals 
for counsel and support from 
the great teaching body of the 
country. One of the principal 
methoas by which this association 
materially promotes the advance- 
ment of science, and consequently 
one of its most important func- 
tions, consists in grants of money 
from its own income in aid of 
special scientific researches. The 
total amount so laid out during 
the 47 years of our existence has 
been no less than £44,000 ; and 
the average during the last ten 
years has been £'1,450 per annum. 
These sums have not only been 
in the main wisely voted and 
usefully expended, but they have 
been themselves productive of 
much additional voluntary ex- 
penditure of both time and money 
on the part of those to whom the 
grants have been intrusted. The 
results have come back to the 
association in the form of papers 
and reports, many of which have 
been printed in our volumes. By 
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this appropriation of a large por- 
tion of its funds, the association 
has to some extent anticipated, 
naj, even it may have partly in- 
spii^ the ideas now so much dis- 
cussed, of the endowment of re- 
search ; and whether the aspira- 
tions of those who advocate such 
endowment be ever fully realized 
or not, there can, I think^ be no 
doubt whatever that the associa- 
tion, in the matter of these grants, 
has ajQFbrded a most powerful 
stimulus to original research and 
discovery. 

Regarded from another point 
of view these grants, together 
with others to be hereafter men- 
tioned, present a strong simi- 
larity to that useful institution, 
the Professoriate Extraordinary 
of Germany, to which there are 
no foundations exactly correspond- 
ing in this country. For be- 
sides their more direct educational 
purpose, these professorships are 
intended, like our own grants, to 
afford to special individuals an 
opportunity of following out the 
special work for which they have 
previously proved themselves 
competent. And in this respect 
the British Association may be 
regarded as supplying to the ex- 
tent of its means an elasticity 
which is wanting in our own 
Universities. Besides the funds 
which through your support are 
at the disposal of the British 
Association, there are, as is well 
known to many here present, 
other funds of more or less simi- 
lar character at the disposal or 
subject to the recommendations 
of tne Eoyal Society. There is the 
donation fund the property of the 
society, the Government grant of 
£1,000 per annum,administered by 



the society, and the Government 
fund of £4,000 per annum (an ex- 
periment for five years), to be dis- 
tributed by the science and art 
department, both for research 
itself and for the support of those 
engaged therein, according to the 
recommendations of a committee 
consisting mainly of Fellows of 
the Eoyal Society. To these 
might be added other funds in 
the hands of different scientific 
societies. But, although it must 
be admitted that the purposes of 
these various funds are not to be 
distinexiished hj any very simple 
line of demarcation, and £hat they 
may therefore occasionally a]^- 
pear to overlap one another, it 
may still, I think, be fairly main- 
tained that this fact does not fur- 
nish any sufficient reason against 
their coexistence. There are many 
topics of research too minute in 
their range, too tentative in their 
present condition, to come fairly 
witbin the scope of the funds ad- 
ministered by the Boyal Society. 
There are others ample enough in 
their extent, and lon^ enough in 
their necessary duration, to claim 
for their support a national 
grant, but which need to be actu- 
ally set on foot or tried before 
they can fairly expect the re- 
cognition either of the public or 
of the Government. To these 
categories others might be 
added ; but the above-mentioned 
instances will, perhaps, suffice to 
show that even if larger and more 
permanent funds were devoted to 
the promotion of research than is 
the case at present, there would 
still be a field of activity open to 
the British Association as well as 
to other scientific bodies which 
may have funds at their disposal. 
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Oq the general qDestion it is 
not difficult to offer strong argu- 
ments iu favour of permanent 
national scientific institutions ; 
nor is it difficult to picture to the 



careful selection of definite per- 
sons to carry out definite pieces 
of work, leiiying to them the 
honour (or the onus, if thej so 
think it) of justifying from time 



mind an ideal future when science to time a continuation of the con- 
and art shall walk hand iu hand fidence which the GoYemment or 



together, led bj a willing minister 
into the green pastures of the en- 
dowment of research.^ 

But while allowing this to be 
a no impossible future, we must 
still admit that there are other 
and less promising possibilities, 
which under existing circum- 
stances cannot be altogether left 
out of our calculations. I am, 
therefore, on the whole inclined 
to think that, while not losing 
sight of larger schemes, the wisest 
p^icy, for the present, at all 
events, and pending the experi- 
ment of the Government fund, 
wUl be to confine our efforts to a 

» It is worth while to compare the fol- 
lowiuK pasBBgo from Plato's " Republic,'* 
Book vii. (Jowott's translation) : — 

••* After plane geometry.we took solids 
in revolution instead of taking solids in 
themselves; whereas after the second 
dimension, the third, which is concerned 
with cubes and dimensions of depth, 
oupcht to have been followed.' 

•*'It is true, Socrates ; but these sub- 
jects soom to be as yet hardly explored.' 

" ' Why, yes," I said, 'and for two reasons j 
in the first place, no Grovemment patron- 
izes them, which leads to a want of enerf?y 
in the study of them, and they are difficult ; 
in the second place, students cannot learn 
them unless Uiey have a teacher. But 
then a teacher is hardly to be found, and 
even if one could be found, as matters 
now stand the students of these subjects, 
who are verv conceited, would not mind 
him ; that, however, would be other- 
wise if the whole State patronized and 
honoured them ; then they would listen, 
and there would be continuous and ear- 
nest search, and discoveries would be 
made; since even now, disregarded as 
they are by the world, and maimed of 
their fair proportions, and although none 
of their votaries can tell the use of them, 
still these studies force their way by their 
natural charm, and very likely they may 
emerge into light.' '* 



other supporting body may have 
once placed in them. 

Passing from the proceedings to 
other features and functions of 
our body, it should be remem- 
bered that the continued existence 
of the association must depend 
largely upon the support which it 
receives from its members and 
associates. Stinted in the funds 
so arising, its scientific effective- 
ness would be materially im- 
paired ; and, deprived of them, its 
existence would be precarious. 
The amount at our disposal in 
each year will naturally vary with 
the population, with the accessi- 
bility, and with other circum- 
stances of the place of meeting ; 
there ynU be financially, as well as 
scientifically, good years and bad 
years. But we have in our in- 
vested capital a sum sufficient to 
tide over all probable fluctua- 
tions, and even to cany us effici- 
ently through several years of 
financial famine, if ever such 
should occur. This seems to me 
sufficient ; and we have, therefore, 
I think, no need to increase our 
reserve, beyond, perhaps, the mode- 
rate addition which a prudent trea- 
surer will always try to secure 
against expenditure, which often 
increases and rarely diminishes. 
But however important this mate- 
rial support may be to our exist- 
ence and well being, it is by no 
means all that is required. 

There is another factor which 
enters into the product — ^namely, 
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the personal scientific support of 
oar best men. It is, I think, not 
too much to say, that without 
their presence onr meetings would 
fail in their chief and most im- 
portant element, and had best 
be discontinued altogether. We 
make, it must be admitted, a de- 
mand of sensible magnitude in 
calling upon men who have been 
activ^j engaged during a great 
portion of the year, at a season 
when they may fairly look for 
relaxation, to attend a busy meet- 
ing and to contribute to its pro- 
ceedings : but unless a fair quota 
at least of our veterans and a 
good muster of our younger men 
put in their appearance, our 
gatherings will be to little purpose. 
There was a period within my own 
recollection when it was uncertain 
whether the then younger mem- 
bers of our scientific growth would 
cast in their lot with us or not, 
and when the fate of the associa- 
tion depended very much upon 
their decision. They decided in our 
favour; they have since become 

Csidents, lecturers, and other 
ctionaries of our body, with 
what result it is for you to judge. 

Of the advantages which may 
possibly accrue to the locality 
in which our meetings are held it 
IS not for us to speak ; but it is 
always a ground for sincere satis- 
faction to learn that our presence 
has been of any use in stimulating 
an interest or in promoting local 
efforts in the direction of science. 

The functions of the British 
Association do not, however, ter- 
minate with the meeting itself. 
Besides the special committees 
already mentioned, there remains 
a very important body, elected by 
the general committee — viz., the 



council, which assembles at th 
office in London from time tD 
time as occasion requires. To 
this body belongs the duty of pro- 
posing a president, of preparing 
for the approval of the general 
committee the list of vice-presi- 
dents and sectional officers, the 
selection of evening lecturers, and 
other arrangen^ents for the coming 
meeting. At the present time 
another class of questions occu- 
pies a good deal of the attention 
of the council. In the first gene- 
ration of the association, and 
during the period of unwritten, 
but not yet traditional, law, ques- 
tions relating. to our own organ- 
ization or procedure either " settled 
themselves," or were wisely left to 
the discretionary powers of those 
who had taken part in our pro- 
ceedings during the early years 
of our existence. These and other 
kindred Subjects now require more 
careful formularization and more 
deliberate sanction. And it is on 
the shoulders of the council that 
the weight of these matters in 
general falls. These facts deserve 
especial mention on the present 
occasion, because one part of our 
business at the close of this meet- 
ing will be to bid farewell officially 
to one who has served us as assis- 
tant secretary so long and so 
assiduously that he has latterly 
become our main repertory of in- 
formation and our mentor upon 
questions of precedence and pro- 
cedure. The post hitherto held 
by Mr. Griffith (for it is to him 
I allude) will doubtless be well filled 
by the able and energetic member 
who has been nominated in his 
place ; but I doubt not that even 
he will be glad for some time to 
come to draw largely upon the 
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knowledge and experience of his 
predecessor. 

But, beside matters of internal 
arrangement and org^ization, 
the dnties of the conncil com- 
prise a variety of scientific sub- 
jects referred to them by the 
general committee, at the instance 
of the committee of recommenda- 
tions, for deliberation and occa- 
sionallj for action. With the in- 
creasing activity of our body in 
general, and more particularly 
with that of our various officers, 
these duties have of late years 
become more varied and onerous 
than formerly; nor is it to be 
wished that tiiey should diminish 
in either variety or extent. Once 
more, questions beyond our own 
constitution, and even beyond the 
scope of our own immediate action, 
sacn as education, legislation 
affecting either the promotion or 
the applications of science to in- 
doHtnal and social life, which have 
suggested themselves at our meet- 
ings, and received the preliminary 
sanction of our committee of re- 
commendations, are frequently re- 
ferred to our council. These, and 
others which it is unnecessary to 
particularize, whether discussed in 
lull council or in committees spe- 
cially appointed by that body, 
render the duties of our coun- 
cillors as onerous as they are im- 
portant. 

While the Government has at 
all times, but in a more marked 
manner of late years, recognized 
the Royal Society of London, with 
representatives from the sisliBr 
societies of Dublin and of Edin- 
burgh, as the body to which it 
should look for counsel and advice 
upon scientific questions, it has 
sh}} jiever shown itself indisposed | 



to receive and entertain any well^ 
considered recommendation from 
the British Association. Two 
special causes have in all prob- 
abihty contributed lar^ly to this 
result First, the variety of ele- 
ments comprised by the assooa- 
tion, on account of which its re- 
commendations imply a more 
general concurrence of scientifie 
opinion than those of any oUier 
scientific body ; secondly^ Uie 
peculiar &ct that our period of 
m^unmuffi activity ooincides with 
that of minimum activity of other 
scientific bodies is often of the 
highest importance. At the very 
time when the other bodies are 
least able we are most able to give 
deliberate consideration and for- 
mal sanction to recommendations, 
whether in the form of applica- 
tions to Gk)vernment or otherwise, 
which may arise. In many of 
these time is an element so essen- 
tial that it is not too much to say 
that, without the intervention of 
the British Association, many op- 
portunities for the advancement 
of science, especially at the sea- 
sons in question, might have been 
lost. The Grovernment ha^i, more- 
over, formally recognized our scien- 
tific existence by appointing our 
president for the time being a 
member of the Government Fund 
Committee; and the public has 
added its testimony to our im- 
portance and utility by imposing 
upon our president and officers a 
variety of duties, among which are 
conspicuous those which arise out 
of its very liberal exercise of civic 
and other hospitality. 

Of the nature and functions of 
the presidential address this is, 
perhaps, neither the time nor the 
place to speak ; but, if I might 
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for a moment forget the purpose 
for which we are now assembled, 
I would take the opportunity of 
reminding those who nave not at- 
tended many of our former meet- 
ings that our annual volumes 
contain a long series of addresses 
on the progress of science from a 
number of our most eminent men, 
to which there is, perhaps, no par- 
allel elsewhere. These addresses 
are, perhaps, as remarkable for 
their variety in mode of treatment 
as for the value of their subject- 
matter. Some of our presidents, 
and especially those who officiated 
in the earlier days of our existence, 
have passed in review the various 
branches of science, and have 
noted the progress made in each 
during the current year. But, as 
the various sciences have de- 
manded more and more special 
treatment on the part of those 
who seriously pursue them, so 
have the cases of individuals who 
can of their own knowledge give 
anything approaching to a gen- 
eral review become more and more 
rare. To this may be added the 
fact that although no year is so 
barren as to fail in affoidmg suffi- 
cient crop for a strictly scientific 
budget, or for a detailed report of 
progress in research, yet one year 
IS more fertile than another in 
growths of sufficient prominence 
te arrest the attention of the gen- 
eral public and to supply topics 
suitable for the address. n these 
accounts apparently such a presi- 
dential survey has ceased to be 
annual, and has dropped into 
an intermittence of longer per- 
iod. Some presidents have made 
a scientific principle, such as the 
time -element in natural pheno- 
mena, or continuity, or natural 



selection, the theme of their dis- 
course, and have gathered illus- 
trations from various branches of 
knowledge. thers, again, taking 
their own special subject as a fun- 
damental note, and thence modu- 
lating into other kindred keys, 
have borne testimony to the fact 
that no subject is so special as to 
be devoid of bearing or of influence 
on many others. Some have 
described the successive staged of 
even a single but important in- 
vestigation ; and while tracing the 
growth of that particular item 
and of the ideas involved in it, have 
incidentally shown to the outer 
world what manner of business a 
serious iovestigatioQ is. But there 
is happily no pattern or precedent 
which the president is bound to 
follow ; botn in range of subject 
matter and in mode of treatment 
each has exercised his undoubted 
right of taking an independent 
line. And it can hardly be 
doubted that a judicious exercise 
of this freedom has contributed 
more than anything else to sus- 
tain the interest of a series of an- 
nual discourses extending now 
over nearly half a century. 

The nature of the subjects which 
may fairly come within the scope 
of such a discourse has of late 
been much discussed, and the 
question is one upon which every- 
one, of course, is entitled to form 
his own judgment ; but lest there 
should hd any misapprehension as 
to how far it concerns us in our 
corporate capacity, it will be well 
to remind mv hearers that as, on 
the one hand, there is no discus- 
I sion on the presidential aidress, 
and the members as a body ex- 
{ press no formal opinion upon it, 
so, on the other, tha asiociation. 
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cannot fairly be considered aa in ! 
any way committed to its tenor 
or conclnsions. Whether this im- 
mnnity from comment and reply 
be really on the whole so advan- 
tageous to the president as might 
be supposed need not here be ois- 
cnssed ; but suffice it to say that 
the case of an audience assembled 
to listen without discnssion finds 
a parallel elsewhere, and in the 
parallel case it is not generally 
considered that the result is alto- 
gether either adyantageous to the 
speaker or conduciye to excellence 
in the discourse. But, apart from 
this, the question of a limitation 
of range in the subject matter for 
the presidential address is not 
(]|uite so simple as may at first 
Bight appear. It must, in fact, be 
borne in mind, while on the one 
hand knowledge is distinct from 
opinion, from feeling, and from all 
other modes of subjective impres- 
sion, still the limits of knowledge 
are at all times ex{ anding, and 
the boundaries of the known 
and the unknown are never ri^id 
or permanently fixed. That which 
in time past or present has be- 
longed to one category may in 
time future belong to the other. 
Our ignorance consists partly in 
ignorance of actual fact, and 
partly also in ignorance of the 
possible range of ascertainable 
fact. 

If we could lay down before- 
hand the precise limits of possible 
knowledge, the problem of physi- 
cal science would be already half 
solved. But the question to which 
the scientific explorer has often 
to address himself is not merely 
whether he is aWe to solve tKia ox 
that problem, but whether Tie can 
eofar unravel the tancrled threads 



of the matter with which he has 
had to deal as to weaye them into 
a definite problem at aU. £Db is not 
like a candidate at an ezaminaition 
with a precise set of qnestionB 

E laced before him ; he must font 
imself act the part of the exami- 
ner and select questians from the 
repertory of natnre^ and npom 
them found others, which in aome 
sense are capable of definite solu- 
tion. If his eye seem dim, he 
must look steadfastly and with 
hope into the misty yisioiiy nntil 
the very clouds wreatiie themaelyeB 
into definite forms. If his ear 
seem dnll, he must listen patientiy 
and with sympathetic tniBt to the 
intricate whisperinffs of nature — 
the goddess, as she has been 
called, of a hundred yoioes — until 
here and there he can pick out a 
few simple notes to which his own 
powers can resound. If, then, at 
a moment when he finds himself 
placed on a pinnacle from which 
ne is called upon to take a per- 
spective survey of the range of 
science, and to tell us what he 
can see from his vantage ground ; 
if, at such a moment, after strain- 
ing his gaze to the very ver^e of 
the horizon, and after describing 
the most distant of well-defined 
objects, he should give utterance 
also to some of the subjective im- 
pressions which he is conscious of 
receiving from regions beyond ; if 
he should depict possibilities which 
seem opening to his view ; if he 
should explain why ne thinks this 
a mere blind alley and that an 
open path ; then the fault and 
the loss would be alike ours if 
we refused to listen calmly, and 
\;eni'^Ta.\.fe\^ lo loncxa our own 

\.>i«n «LSS^xtfe^^ "vX. \^ ^^ -^^wsfc 
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an miexpected turn ; and althongk 
some of OS maj never have learnt 
its special language, not a few 
liave, all throngk onr scientific 
life, and eyen in almost every ac- 
curate utterance, like Moli^re's 
well-known character, been talk- 
ing mathematics without knowing 
it. It is, moreover, a fact not to 
be overlooked that the appearance 
of isolation, so conspicuous in 
mathematics, appertains in a 
greater or less degree to all other 
sciences, and perhaps also to all 
pursuits in lite. In its highest 
flight each soars to a distance 
from its fellows. Each is pursued 
alone for its own sake, and without 
reference to its connection with, 
or its application to, any other 
subject. The pioneer and the ad- 
vanced guard are of necessity 
separated from the main body, 
and in this respect mathematics 
does not materially differ from 
its neighbours. Aid, therefore, 
as the solitariness of mathematics 
has been a frequent theme of dis- 
course, it may be not altogether 
unprofitable to dwell for a short 
time upon the other side of the 
question, and to inquire whether 
there be not points of contact in 
method or in subject-matter be- 
tween mathematics and the outer 
world which have been frequently 
overlooked ; whether its lines do 
not in some cases run parallel to 
those of other occupations and 
purposes of life ; and, lastly, 
whether we may not hope for 
some change in the attitude too 
often assumed towards it by the 
representatives of other branches 
of knowledge and of mental 
activity. 



would be committing the error 
ofconfoundin^ matters of fact and 
matters of opinion, if we failed to 
discriminate between the various 
elements contained in such dis- 
oonrte, and assumed that they had 
all been put on the same footing. 
But to whatever decision we may 
eaM^eome on these controverted 
points, one thing appears clear 
from a retrospect of past expe- 
rience — viz., that first or last, 
either at the outset, in his choice 
of subject or in the conclusions 
ultimately drawn therefrom, the 
president according to his own 
account at least, finds himself on 
every occasion in a position of 
^* exceptional or more than usual 
difficulty." And your present 
r^resentative, like his predeces- 
sors, feels himself this moment in 
a similar predicament.. The rea- 
son which he now offers is that 
the branch of science which he 
represents is one whose lines of 
advance, viewed from a mathe- 
matician's own point of view, offer 
so few points of contact with the 
ordinary experiences of life or 
modes of thought, that any ac- 
count of its actual progress which 
he might have attempted must 
have failed in the first requisite of 
an address — namely, that of being 
intelligible. 

Now if this esoteric view had 
been the only aspect of the sub- 
ject which he could present to his 
hearers, he might well have given 
up the attempt in despair. But 
although in its technical character 
mathematical science suffers the 
inconveniences, while it enjoys the 
dignity, of its Olympian position, 
still in a less formsd garb, or in 
disguise, if yon are pleased bo to 
caU it, it is found present at many \ c\p\a," I^^^Xovl «^^«e^ ^t:^x^«»ss^ 
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to some general ideas whieb may 
well senre bm the key-note for all 
fntnre ntteranoes on the relation 
of mathematics to natural, indnd- 
ing also therein what are com- 
monlj called artificial, pheno- 
mena : — 

"The ancients divided mecha- 
nics into two parts — rational and 
practical ; and since artisans often 
work inaccnratelj, it came to pass 
tSat mechanics and geometry were 
distingnished in tnis way — that 
everything accarate was referred 
to geomeUy, and everjrthing in- 
accurate to mechanics. Bat the 
inaccuracies appertain to the 
artisan and not to the art, and 
fi^eometry itself has its foundation 
in mechanical practice, and is, in 
fact, nothing else than that part 
of universal mechanics which ac- 
curately lays down and demon- 
stnitos the art of measuring."^ 
3 To next explains that rational 
niecbiinics is the science of motion 
resulting from forces, and adds : 
*'The whole difficulty of philoso- 
phy seems to me to lie in investi- 
gating the forces of nature from 
the phenomena of motion, and in 
demonstrating that from these 
forces other phenomena will 
ensue." Then, after stating the 
problems of which he has treated 
in the work itself, he says : " I 
would that all other natural 
phenomena might similarly be 
deduced from mechanical princi- 
ples. For many things move me 
to suspect that everything de- 
pends upon certain forces in 
virtue of wliich the particles of 
bodies, through forces not yet 

* Compare with this the latter part of 
Plato's ^'Philebns," on knowledgre and 
the handicraft arts ; also Professor 
jowett'B "iDtroduotion" thereto. 



nnderstood, are eitlier impelled 
together so a« to cohere in regular 
figures, or are repelled and xeoede 
from one another.*' 

Newton's yiews, then, axe dear. 
He reffards mathematios not as a 
method independent o( thonsh 
applicable to, variona flmbjera, 
but as itself the higher ride or 
aspect of the subjects themselTes; 
and it would be little more than 
a translation of his notion* into 
other language, little more than 
a paraphrase of his own words, if 
we were to describe the mathema- 
tical as one aspect of the material 
world itself, apart from which all 
other aspects are but incomplete 
sketches, and, however accurate 
after their own kind, are still 
liable to the imperfections of tiie 
inaccurate artificer. Mr. Burrowes, 
in his preface to the first volume 
of the *• Transactions of the Boyal 
Irish Academy," has carried out 
the same argument, approaching 
it from the other side. " No one 
science,*' he says, "is so little 
connected with the rest as not to 
afibrd many principles whose use 
may extend considerably beyond 
the science to which they pri- 
marily belong, and no proposition 
is so purely theoretical as to be 
incapable of being applied to 
practical purposes. There is no 
apparent connexion between dura- 
tion and the cycloidal arch, the 
properties of which have furnished 
us with the best method of mea- 
suring time ; and he who has 
made himself master of the 
nature and affections of the 
logarithmic curve, has advanced 
considerably towards ascertaining 
the proportionable density of the 
air at various distances from the 
earth. The researches of the 
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mathematiciaii are the only sure 
ground on which we can reason 
from experiments ; and how far 
experimental science may assist 
commercial interests is evinced 
by the success of manufactures 
in countries where the hand of 
the artificer has taken its direc- 
tion from the philosopher. Every 
manufacture is in reality but a 
chemical process, and tne ma- 
chinery requisite for carrying it on 
but the right application of cer- 
tain propositions in rational me- 
chanics." So far your academician. 
Every subject, therefore, whether 
in its usual acceptation, scientific 
or otherwise, may have a mathema- 
tical aspect ; as soon, in fact, as 
it becomes a matter of strict mea- 
surement, or of numerical state- 
ment, so soon does it enter upon 
a mathematical phase. This phase 
may, or it may not, be a prelude 
to another in which the laws of 
the subject are expressed in alge- 
braical formulae or represented by 
geometrical figures. But the real 
gist of the business does not al- 
ways lie in the mode of expres- 
sion, and the fascination oi the 
formulas or other mathematical 
paraphernalia may after all be 
little more than that of a thea- 
trical transformation scene. The 
process of reducing to formulae is 
really one of 'abstraction, the re- 
sults of which are not always 
wholly on the side of gain; in 
fact, through the process itself, 
the subject may lose in one re- 
spect even more than it gains in 
another. But long before such 
abstraction is completely attained, 
and even in cases where it is 
never attained at all, a subject 
may to all intents and purposes 
become mathematicaL It is not 



so much elaborate calculations or 
abstruse processes which charac- 
terise this phase as the principles 
of precision, of exactness, and of 
proporton. But these are prin- 
ciples with which no true know- 
ledge can entirely dispense. If it 
be the general scientific spirit 
which at the outset moves upon the 
face of the waters, and out of the 
unknown depth brings forth light 
and living forms, it is no less 
the mathematical spirit which 
breathes the breath of life into 
what would otherwise have ever 
remained mere dry bones of fact, 
which reunites the scattered limbs 
and recreates from them a new 
and organic whole. 

And, as a matter of fact, in the 
words used by Professor Jellett 
at our meeting in Belfast — viz., 
"Not only are we applying our 
methods to many sciences already 
recognized as belonging to the 
legitimate province of mathema- 
tics, but we are learning to apply 
the same instrument to sciences 
hitherto wholly or partially inde- 
pendent of its authority. Physical 
science is learning more and more 
everyday to see in the phenomena 
of nature modifications of that one 
phenomenon— namely, motion — 
which is peculiarly under the 
power of mathematics." Echoes 
are these, far off and faint per- 
haps, but still true echoes, in an- 
swer to Ne«vton's wish that all 
these phenomena may some day 
"be deduced from mechanical 
principles." 

If, turning from this aspect of 
the subject, it were my purpose to 
enumerate how the same tendency 
has evinced itself in the arts, un- 
consciously it may be to the artists 
themselves^ I might call as wit- 
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netaei each one in turn, with full 
T^nce on the testimony which 
they would bear. And, having 
more special reference to mathe- 
matics, I might confidently point 
to Uie accuracy of measurement, 
to the truth of curve, which, ac- 
cording to modern investi^tion, 
is the key to the perfection of 
classic art I might triumphantly 
dte not only the architects of all 
ages, whose art so manifestly rests 
upon mathematical principles, 
bat I might cite also the literary 
as well as the artistic remains of 
the great artists of Cinquc-cento, 
both iminteru and sculptors, in 
•fidence of the geometry and the 
mechanics which having been laid 
at the foundation, appear to have 
found their way upwards throngh 
the superstructure of their works.^ 
And m a less ambitious sphere, 
but nearer to ourselves in both 
time and place, I might point 
with satiBt'uctiin to the great 
school of English constiTLctors 
of the 18th centurjr in the do- 
mestic arts, and remind you that 
not only the engineer and the 
architect, but even the cabinet- 
makers devoted half the space 
of their books to perspective and 
to the principles whereby Eolid 
figures may be delineated on pa- 
per, or what is now termed de- 
scriptive geometry.'* 

Nor, perhaps, would the sciences 
which concern themselves with 
reasoning and speech, nor the 
kindred art of music, nor even 

» See "Trattato deUa Pittura," by 
Leonardo da Vinci ; also the ** Memoir 
on the M8S. of L. d. V.," by Venturi, 
1797. 

* " The Gentleman and Cabinet 
Maker's Director," by Thomas Ghippen> 
dale, London, 1754. *' The Cabinet Maker 
and Upholsterer's Drawing Book/' by 
Tbomaa Sheraton, Londpn, 1793. 



literature itself, if thocDogUy 
probedyoflEer fewer points of de- 
pendence upon the scienoe of 
which I am speaJdnflr. What^ in 
fact, la logic but uiat part of 
nniTersal reasoning ; grammar 
but that part of onivenai speech ; 
harmony and oonnterpoint but 
that^ part of uniyeraal musio, 
"which accurately lays down" 
and demonstrates (so &r as de- 
monstration is possible) precise 
methods appertaming to each of 
these arts r And I might even . 
appeal to the common consent 
which speaks of the mathematical 
as the pattern form of reasoning 
and model of a precise style. 

Taking, then, precision and ex- 
actness as the characteristics which 
distinguish the mathematical 
phase of a subject, we are na- 
turally led to expect that the 
approach to such a phase will 
be indicated by increasing ap- 
plication of the principle of 
measurement, and by the impor- 
tance which is attached to nu- 
merical results. And this very 
necessary condition for progress 
may, I think, be fairly described 
as one of the main features of 
scientific advance of the present 
day. 

If it were my purpose, by de- 
scending into the arena of spe- 
cial science", to show how the 
most various investigations alike 
tend to issue in measurement, and 
to that extent to assume a mathe- 
matical phase, I should be em- 
barrassed by the abundance of 
instances which might be adduced. 
I will therefore confine myself to a 
passing notice of a very few, 
selecting those which exemplify 
not only the general tendency, 
but also the special character of 
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the measurements no w particnlarlj 
required — Tiz.,thatof minuteness, 
and the indirect method by which 
alone we can at present hope to 
approach them. An object having 
a diameter of an 80,000th of an 
inch is, perhaps, the smallest of 
which the microscope could jB^ye 
any well-defined representation ; 
and it is improbable that one of 
120,000th of an inch could be 
singly discerned with the highest 
powers at our command. But the 
solar beams and the electric liffht 
reveal to as the presence of bo£es 
far smaller than these.^ And, in 
the absence of any means of ob- 
serving them singly. Professor 
Tyndall has suggested a scale of 
these minute objects in terms of 
the lengths of luminiferous waves. 
To this he was led, not by any 
attempt at individual measure- 
ment, but by taking account of 
them in the aggregate, and ob- 
serving the tints which they scatter 
laterally when clustered in the 
form of actinic clouds.^ These 
small bodiep, with which experi- 
mental science has recently come 
into contact, are not confined to 
gaseous molecules, but comprise 
also complete organisms ; and the 
same philosopher has made a pro- 
found study of the momentous 
influence exerted by these minute 
organisms in the economy of life.''^ 
And if, in view of their specific ef" 
fects, whether deleterious or other- 
wise on human life, any qualitative 
classification or quantitative esti- 
mate be ever possible, it seems that 
it must be effected by some such 
method as that indicated above. 

* See Sorby's Address to the AUcroeco- 
pical Society, 1876. 

« "Phil. Trans, of the Royal Society," 
1870, p. 333 ; and 1876, p. 27. 

* "Phil. Transactions/' 1877, p. 149. 



Again, to enumerate a few more 
instances of the measurement of 
minute quantities, there are the 
average distances of molecules 
from one another in various gases 
and at various pressures, the length 
of their free path or range open 
for their motion without coming 
into collision ; there are move- 
ments causing the pressures and 
difference of pressure under which 
Mr. Grookes's radiometers execute 
their wonderful revolutions 'fi 
there are the excursions of the air 
while transmitting notes of high 
pitch, which through the re- 
searches of Lord Bayleigh appear 
to be of a diminutiveness alto- 
gether unexpected ;d there are the 
molecular actions brought into 
play in the remarkable experi- 
ments by Dr. Kerr, 10 who has suc- 
ceeded, where even Faraday failed, 
in effecting a visible rotation of 
the plane of polarization of Hght 
in its passage through electrified 
dielectrics and on its reflection at 
the surface of the magnet. To 
take one more instance, which 
must be present to the minds of 
us all, there are the inflnitesimal 
ripples of the vibrating plate in 
Mr. Graham Bell's most marvel- 
lous invention. Of the nodes and 
ventral segments in the plate of 
the telephone, which actually con- 
verts sound into electricity and 
electriciW into sound, we can at 
present form no conception. All 
that can now be said is that 
the most perfect specimens of 
Chladni's sand flgures on a vibra- 

8 " On Attraction and Repulsion re- 
sulting from Radiation," " Phil. Trans.,'* 
1874, p. 501 ; 1875, p. 519 ; 1876, p. 325. 

* "Philosophical Magazine,^ April, 
1878. 

w " Philosophical MagaEine," 1875, pp. 
337. 446; 1877. Vol. i., p. 321; 1878, Vol. 
i., p. z6x. 
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ting plate, or of Kondt's Ijoopo- 
dinm neaps i&'k musical tabe, or 
even Mr.SedlejTayloT^snioredeli- 
cate vortices in the nlms of thepho- 
neidoscope, are rough and sketchy 
compared with these.^^ For not- 
withstanding the fact that in the 
movements of the telephone plate 
we have actually in our hand the 
solution of that old world pro- 
blem, the construction of a speak- 
ing machine, yet the characters 
in which that solution is expressed ; 
are too small for our powers of 
decipherment. In movements ^ 
such as these we seem to lose, 
sight of the distinction, or, per- = 
haps, we have unconsciously 
passed the boundary between 
massive and molecular motion. 

Through the phonograph we 
have not only a transform a* ion, 
but a permanent and tangible re- 
cord of the mechanism of speech. 
But the ditferences upon which 
articulation, apart from loudness, 
pitch, and quality, depends ap- 

i)ear from the experiments of 
^'leemin>? Jenkin and of others 
to be of microscopic size. The 
microphone affords another in- 
stance of the unexpected value of 
minute variations — in this case of 
electric currents ; and it is re- 
markable that the gist of the in- 
strument seems to lie in obtain- 
ing and performing that which 
electricians have hitherto most 
scrupulously avoided — viz., loose 
contact.i2 

Once more, Mr. De La Hue has 
brought forward, as one of the 
results derived from his stupen- 

" PoggendorflTs ** Annalon," Tom. 
XXXV , p. 337. " Royal Society's Pro- 
ceedings," 1878. 

» " PhlL Trans.." Vol. 169, pp. 55 and 
155, and other papem catalogued in the 
"Appendix to Part UL of the Memoir." 



dous battery of 10,000 ceUa, strong 
evidence for snppoeing that a 
voltaic discharge, even when ap- 
parently continuous, may still be 
an intermittent phenomenon; but 
all that is known of tiie period of 
such intermittence is that it must 
recur at exceedingly short inter- 
vals. And in connexion witJi 
this subject, it may be added that 
whatever be the ultimate explana- 
tion of the strange stratification 
which the voltaic discharge under- 
goes in rarefied gases, it is clear 
that the alternate disposition of 
light and darkness must be de- 
pendent on some periodic distri- 
bution in space or sequence in 
time which can at present be 
dealt with only in a verv general 
way. In the exhausted column 
we have a vehicle for electricity 
not constant like an ordinary 
conductor, but itself modified by 
the passage of the discharge, and 
perhaps subject to laws djjffering 
materially from those which it 
obeys at atmospheric pressure. 
It may also be added that some 
of the features accompanying 
stratification form a magnified 
ima^e of phenomena belonging 
to disruptive discharges in gene- 
ral; and that, consequently, so 
far from expecting among the 
known facts of the latter any 
clue to an explanation of the 
former, we must hope ultimately 
to find in the former an elucida- 
tion of what is at present obscure 
in the latter. A prudent philoso- 
pher usually avoids hazarding 
any forecast of the practical 
application of a purelv scientific 
research. But it would seem t^at 
the configuration of these strisB 
might some day prove a very 
delicate means of estimating low 
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presstires, and perhaps also for 
effecting some electrical measure- 
ments. 

Kow, it is a cnrions fact that 
almost the only small quantities 
of which we have as yet any 
actual measurements are tbe 
wave-lengths of light ; and that 
all others, excepting so far as 
they can be dednced from these, 
await further determination. In 
the meantime, when unable to 
approach these small quantities 
indiyidually, the method to which 
we are obliged to have recourse 
is, as indicated above, that of 
averaf^es, whereby, disregarding 
the circumstances of each par- 
ticular case, we calculate the 
average size, the average velocity, 
the average direction, &c., of a 
large number of instances.^^ But 
although this method is based 
upon experience and leads to re- 
sults which may be accepted as 
substantially true; although it may 
be applicable to any finite inter- 
val of time or over any finite area 
of space — that is, for all practical 

Purposes of life — there is no evi- 
ence to show that it is so when 
the dimension of interval or of 
area are indefinitely diminished. 
The truth is that the simplicity 
of nature which we at present 
grasp is really the result of in- 
finite complexity ; and that below 
the uniformity there underlies a 
diversity the depths of which we 
have not yet probed, and the 
secret places of which are still be- 
yond our reach. 

The present is not an occasion 
for multiplying illustrations, but 
I can hardly omit a passing allu- 
sion to one all-important instance 
of the application of the statistical 
w See Maxwell ** On Heat," chap. xxii. 



method. Without its aid, social 
life, or the history of life and 
death, could not be conceived at 
all, or only in the most superficial 
manner. Without it, we could 
never attain to any clear ideas of 
the condition of the poor, we 
could never hope for any solid 
amelioration of their condition or 
prospectf. Without its aid, sani- 
tary measures, and even medicine, 
would be powerless. Without 
it, the politician and the philan- 
thropist would alike be wandering 
over a trackless desert. 

It is, however, not so much 
from the side of science at large 
as from that of mathematics itself 
that I desire to speak. I wish 
from the latter pomt of view to 
indicate connexions between 
mathematics and other subjects, 
to prove that hers is not, after ^1, 
such a far-off region, nor so un- 
decipherable an alphabet, and to 
show that even at unlikely spots 
we may trace under-currents of 
thought which having issued from 
a common source fertilize alike 
the mathematical and non-mathe- 
matical world. 

Having this in view, I propose 
to make the subject of special re- 
mark some processes peculiar to 
modern mathematics ; and partly 
with the object of incidentally re- 
moving some current misappre- 
hensions, I have selected for 
examination three methods, in re- 
spect of which mathematicians 
are often thought to have exceeded 
all reasonable limits of specula- 
tion, and to have adopted for 
unknown purposes an unknown 
tongue. And it will be my en- 
deavour to show not only that in 
these very cases our science has 
not outstepped its own legitimate 
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range, but that even art and 
literature have nnconscioaalj em- 
ployed meliioda similar in prin- 
ciple. The three methods in 
question are — first, that of ima- 
ginary quantities ; secondly, that 
of manuold space; and tnirdlj, 
that of geometry not according to 
Euclid. 

First, it is objected that, aban- 
doning the more cautious methods 
of ancient mathematicians, we 
have admitted into our formulsB 
quantities which by our own show- 
ing, and even in our own nomen- 
clature, are imaginary or impos- 
sible ; nay, more, that outof tnem 
we haye formed a yariety of new 
algebras to which there is no 
counterpart whatever in reality; 
but from which we claim to arrive 
at possible and certain results. 
On this head it is in Dublin, if 
anywhere, that I may be permitted 
to speak. For to the fertile ima- 
gination of the late Astronomer 
Soyal for Ireland we are indebted 
for that marvellous calculus of 
quaternion, which is only now 
beffinning to be fully understood, 
and which has not yet received all 
the applications of which it is 
doubtless capable. And even al- 
though this calculus be not co-ex- 
tensive with another which almost 
simultaneously germinated on the 
Continent,!^ nor with ideas more 
recently developed in America,i5 
yet it must always hold its posi- 
tion as an original discovery and 
as a representative of one of the 
two great groups of generalised 
algebras (viz., those the 8G[uares of 
whose units are respectively ne- 
gative unity and zero), the com- 

1* Grunert'B " Archiv.," Vol, vi., p. 337 ; 
also separate work, Berlin, 1862. 

i» ••Linear Associative Algebra," by 
JBeJuJamm Peirce, Washington City, 1870. 



mon origin of which must still be 
marked on onr intellectual map 
BM an unknown region. Well do 
I recollect how in its early days we 
used to handle the mewod as a 
magician's page might try to wield 
his master's wand, trembling as it 
were between hope and fear, and 
hardly knowing whether to trust 
our own results until they had 
been submitted to the present and 
ever ready counsel of^Sir W. R 
Hamilton himself. 

To fix our ideas, consider the 
measurement of a line, or the 
reckoning of time, or the perform- 
ance of any mathematical opera- 
tion. A line may be measured in 
one direction or in the opposite; 
time may be reckoned forward or 
backward ; an operation may be 
performed or be reversed, it ma^ 
be done or may be undone ; and if 
having once reversed any of these 
processes we reverse it a second 
time, we shall find that we have 
come back to the original direction 
of measurement or of reckoning, 
or to the original kind of operation. 

Suppose, however, that at some 
stage of a calculation our formulsa 
indicate an alteration in the mode 
of measurement such that, if the 
alteration be repeated, a condition 
of things not the same as, but the 
reverse of the original, will be pro- 
duced. Or suppose that, at a 
certain stage, our transformations 
indicatethat time is to be reckoned 
in some manner different from 
future or past, but still in a way 
having definite algebraical con- 
nection with time which is gone 
and time which is to come. It is 
clear that in actual experience 
there is no process to which su(^ 
measurements correspond.16 Time 

^* Sir Wm. Thompson, ** Cambridge 
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lias no meaning except as f atnre 
or past, and tne present is but 
the meeting point of the two. 
Or, once more, suppose that we 
are gravely told that all circles 
pass through the same two ima- 
ginary points at an infinite dis- 
tEince, and that every line drawn 
through one of these points is 
perpendicular to itself. On hear- 
ing the statement, we shall pro- 
bably whisper, with a smile or a 
sighfthatwehope it isnottrue ; but 
that in any case it is a long way 
off, and perhaps, after all, it does 
not very much signify. K, how- 
ever, as mathematicians we are 
not satisfied to dismiss the ques- 
tion on these terms, we ourselves 
must admit that we have here 
reached a definite point of issue. 
Our science must either give a 
rational account of the dilemma 
or yield the position as no longer 
tenable. 

Special modes of explaining 
this anomalous state of things 
have occurred to mathematicians. 
But, omitting details as unsuited 
to the present occasion, it will, I 
think, be sufficient to point out in 
general terms that a solution of 

Mathematical Journal," Vol. iii., p. 174. 
Jevon's *' Principles of Science," Vol. li., 
p. 438. 

"Bat an explanation of the difficulty 
seems to me to bo found in the fact that 
the problem, as stated, is one of the con- 
duction of heat, and that the ' impossi- 
bility ' which attaches itself to the ex- 
pression for the 'time* merely means 
that previous to a certain epoch the con- 
ditions which gave rise to the phenomena 
were not those of conduction, but those 
of some other action of heat. If, there- 
fore, we desire to comprise the phe- 
nomena of the earlier as well as. of the 
latter period in one problem we must find 
nojne more general statement— viz., that 
of physical conditions which at the criti- 
cal epoch will issue in a case of con- 
duction. I think that Professor Clifford 
has somewhere given » similar explana- 
tion." 



the difficulty U to be found in the 
fact that the formulae which give 
rise to these results are more 
comprehensive than the significa- 
tion assigned to them,and whenwe 
pass out of the condition of things 
first contemplated they cannot (as 
it is obvious they ought not) give 
us any results intelligible on tiiat 
basis. But it does not, therefore, 
by aoy means follow that upon a 
more enlarged basis the formulae 
are incapable of interpretation ; 
on the contrary, the difficulty at 
which we arrived indicates that 
there must be some more compre- 
hensive statement of the problem 
which will include cases impos- 
sible in the more limited, but pos- 
sible in the wider view of the 
subject. 

A very simple instance will illus- 
trate the matter. If from a point 
outside a circle we draw a straight 
line to touch the curve, the dis- 
tance between the starting point 
and the point of contact has cer- 
tain geometrical properties. If 
the starting point be shifted 
nearer and nearer to the circle, 
the distance in question becomes 
shorter and ultimately vanishes. 
But as soon as the point passes 
to the interior of the circle the 
notion of a tangent and distance 
to the point of contact cease te 
have any meaning ; and the same 
anomalous condition of things 
prevails as long as the point re- 
mains in the interior. But if 
the point be shifted still further 
until it emerges on the other side, 
the tangent and its properties 
resume their reality, and are as 
intelh^ible as before. Now the pro- 
cess whereby we have passed from 
the possible to the impossible and 
again repassed to the ^^ 
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(namely, the shifting of the start- 
ing |x>int)isai)crfectly continnons 
one, while the conditicnH of the 
problem as stattMl above have been 
abmptly chanjred. 

If, however, we replace the idea , 
of a line touching oy that of a 
line cutting the circle, and the 
distance of the point of contact bj ' 
tiie distances at which the line is 
intercepted by the cnrv^y it will . 
easily be seen that the latter in- 
cludes the former as a limiting! 
case, when the cutting line is 
tamed about the starting point 
until it coincides with the tangent 
itself ; and further, that the two 
intercepts have a perfectly dis- 
tinct and intelligible meaning 
whether the i)oiDt be outside or 
insidethe area. The only difference 
is that in the first case the inter- 
cepts are measured in the same 
direction ; in the latter in opposite 
directions. 

The foregoing instance has 
shown one pnrpose which these 
imaginarios may serve — viz., as 
marKS indicating a limit to a 
particular condition of things, to 
the application of a particular law, 
or pointing out a btage where a 
more comprehensive law is re- 
quired. To attain to such a 
Iaw we must, as in the instance 
of the circle and tangent, recon- 
sider our statement of tne problem ; 
we must go back to the principle 
from wmch we set out, and 
ascertain whether it may not 
be modified or enlarged. And 
even, if in any particular investiga- 
tion wherein imaginaries have 
occurred, the most comprehensive 
statement of the problem of' 
which we are at present capable 
fails to give an actual representa- 
tion of tiiese quantities ; if they 



must for the present be relegated 
to the category of imaginariei, 
it still does not follow that we 
may not at some future time find 
a law which will endow them with 
reality, nor that in the meantime 
we need hesitate to employ them* 
in accordance with the great 
principle of continuity, for bring* 
ing out correct results. 

If, moreover, both in geometry 
and in algebra we occasionally* 
make use of points or of quanti- 
ties which, from our present out- 
look have no real existence, whidi 
can neither be delineated in space 
of which we have experience, nor 
measured by scale aa we coxmt 
measurement ; if thrae imagina- ' 
ries, as they are termed, are 
called up by legitimate processes 
of our science ; if they serve the 
purpose, not merely of suggesting 
ideas, but of actually conducting 
us to practical conclusions ; if all 
this be true in abstract science, 
I may perhaps be allowed to point 
out, in illustration of my argu- 
ment, that in art unreal forms are 
frequently used for suggesting 
ideas, for conveying a meaning 
for which no others seem to be 
suitable or adequate. Are not 
forms unknown to biology, situa- 
tions incompatible with gravita- 
tion, positions which challenge 
not merely the stability but even 
the possibility of equilibrium- 
are not these the very means to 
which the artist often has recourse 
in order to convey his meaning 
and to fulfil his mission P Who 
that has ever revelled in the or- 
namentation of the Henaissance, 
in the extraordinary transitions 
from the animal to lie vegetable, 
from faunio to floral forms, and 
from those ag^ain to almost purely 
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ffeometric curves — ^who lias not 
teit tlukt those imaginaries have 
a claim to recognition very simi- 
lar to that of their congeners in 
mathematics P How is it that the 
grotesque paintings of the Middle 
Ages, the fontastic sculpture of 
remote nations, and even the rude 
art of the prehistoric past, still 
impress us, and have an interest 
over and above their antiquarian 
value, unless it be that they are 
symbols which, although hard of 
interpretation when taken alone, 
are yet capable^from a more com- 
prehensive point of view, of lead- 
ing us mentally to something be- 
yond themselves, and to truths 
which, although reached through 
them, have a realitv scarcely to 
be attributed to tiieir outward 
forms? 

Again, if we turn from art to 
letters, truth to nature and to fact 
is undoubtedly a characteristic of 
sterling literature ; and yet in the 
delineation of outward nature it- 
self, still more in that of feelings 
and affections, of the secret parts 
of character and motives of con- 
duct, it frequently happens that 
the writer is driven to imagery, 
to an analogy, or even to a para- 
dox, in order to give utterance to 
that of which there is no direct 
counterpart in recognized speech. 
And yet which of us cannot find 
a meaning for these literary 
figures, an inward response to 
imaginative poetry, to social fic- 
tion, or even to those tales of 
giant and fairyland written, it is 
supposed, only for the nursery or 
schoolroom P But in order fiius 
to reanimate these things with a 
meaning beyond that of the mere 
words, have we not to reconsider 
our first position, to enlarge the 



ideas with which we started ; have 
we not to cast about for somethhig 
which is common to the idea con- 
veyed and to the subject actually 
described, and to seek for tfale 
sympathetic spring which under- 
hes both; have we not, like the 
mathematician, to go back, as it 
were, to some first principles, or, 
as it is pleasanter to describe it, 
to become again as a little child. 

Passing again to the second of 
the three methods — viz., liiat of 
manifold space, it may first be 
remarked that our whole expe- 
rience of space is in three dimen- 
sions, viz., of that which has length, 
breadth, and thickness ; and if for 
certain purposes we restrict our 
ideas to two dimensions as in plane 
^eometij, or to one dimension as 
m the division of a straight line, 
we do this only by consciously 
and of deliberate purpose setting 
aside, but not annihilating, the 
remaining one or two dimensions. 
Negation, as Hegel has justlv re- 
marked, implies that which is 
negatived, or, as he expresses it, 
affirms the opposite. It is by ab- 
straction from previous experience, 
by a limitation of its resiuts, and 
not by anjr independent process, 
that we arrive at the idea of space 
whose dimensions are less tiian 
three. 

It is doubtless on this account 
that problems in plane geometry, 
although capable of solution on 
their own account, become much 
more intelligible, more easy of 
extension, if viewed in connection 
with solid space, and as special 
cases of corresponding problems 
in solid geometry. So eminently 
is this the case that the very lan- 
guage of the more general method 
often leads us almost intuitively 
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to co&clatioiiB which, from the 
more restricted point of view, re- 
quire loDff and laborious proof, 
onch a change in the base of ■ 
operation has, in fact, been snc- 1 
cessfnll J made in geometry of two , 
dimensions, and although we have ' 
not the same experimental data 
for the future steps, yet neither 
the modes of reasoning nor the 
validity of its conclusions are in 
any way affected by applying 
an analogous mental process to 
geometry of three dimensions; 
and by re^^arding figures in spaces 
of three dimensions as sections of 
figures in space of four, in the 
same way that figures in plane are 
sometimes considered as sections 
of fibres in solid space. The 
addition of a fourth dimension to 
space not only extends the actual 
properties of ffcomotrical figures, 
out it also adds new properties 
which are often useful for the 
purposes of transformation or of 
proof. Thus it has recently been 
shown that in four dimensions a 
closed material shell could be 
turned inside out by simple 
flexure, without either stretchmg 
or tearing ; ^7 and that in such a 
space it is impossible to tie a 
knot. 18 

Again, the solution of problems 
in geometry is often effected by 
means of algebra ; and as three 
measurements, or co-ordinates as 
they are called, determine the 
position of a point in space, so do 
three letters or measurable quan- 
tities serve for the same purpose 

*7 S. Newcomb " On Certain Transfor- 
mations of Surfaces,*' " American Journal 
of Mathematics," Vol i., p. i. 

" Tait"On Knots," *' Transactions of 
the Royal Society of Edinburgh," Vol. 
zxviii., p. X45; Klein, "Mathematische 
Annalen," jx, p. 478. 



in the language of algebra. Now, 
many a^braioal problems in- 
volving three unknown or vari- 
able Quantities admit of being 
^neralized so as to sive problems 
mvolving many sndi anantities. 
And as, on the one hano, to every 
algebraical problem invdving un- 
known quantities or variables by 
ones or by twos, or by threes, 
there corresponds a problem in 
geometry or one or of two or of 
three dimensions, so on the other 
it majr be said that to every 
algebraical problem involving 
many variables there corresponcS 
a problem in geometry of many 
dimensions. 

There is, however, another aspect 
under which even ordinary space 

Presents to us a fourfold, or in- 
eed a manifold, character. In 
modem physics, space is regarded 
not as a vacuum, in which bodies 
are placed and forces have play, 
but rather as a plenum, with which 
m atter is co-extensive. And, from 
a physical point of view, the pro- 
perties of space are the properties 
of matter or of the medium which 
fills it. Similarly, from a mathe- 
matical point of view, space may 
be regaraed as a locus in gtco, as a 
plenum filled with those elements 
of geometrical magnitude which 
we take as fundamental. These 
elements need not always be the 
same. For different purposes dif- 
ferent elements may be chosen, and 
upon the degree of complexity of 
the subject of our choice will de- 
pend the internal structure or 
manifoldness of space. 

Thus, beginning with the sim- 
plest case, a point may have any 
singly infinite multitude of posi- 
tions in a line, which gives a one- 
fold system of points in a line. 
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The line may revolve in a plane 
about anyone of its points, giving a 
twofold system of points in plane ; 
and the plane may revolve abont 
anyone of the lines, giving a three- 
fold system of points in space. 

Suppose, however, that we take 
a straight line as onr element, and 
conceive space as filled with snch 
lines. This will be the case if we 
take two planes — e.g., two parallel 
planes, and join every point in one 
with every point m the other. 
Now, the points in a plane form a 
twofold system, and it therefore 
follows that the system of lines is 
fourfold; in other words, space 
regarded as a plenum of lines is 
fourfold. The same result follows 
from the consideration that the 
lines in a plane, and the planes 
through a point, are each twofold. 

Again, if we take a sphere as 
our element we can through any 
point as a centre draw a singly 
infinite number of spheres, but 
the number of such centres is 
triply infinite ; hence space as a 
plenum of spheres is fourfold. 
And generallv space as a plenum 
of surfaces has a manifoldness 
equal to the number of con- 
stants required to determine the 
surface. Although it would be 
beyond our present purpose to 
attempt to pursue lie subject 
further, it should not pass un- 
noticed that the identity in the 
fourfold character of space, as 
derived on the one hand from a 
system of straight lines, and on 
the other from a system of spheres, 
is intimately connected with the 
principles established by Sophus 
Lie in his researches on the corre- 
lation of these figures. 

If we take a circle as our ele- 
ment, we can around any plane 



as a centre draw a singly infinite 
system of circles: but the num- 
ber of such centres in a plane 
is doubly infinite : hence the cir- 
cles in a plane form a threefold 
system, and as the planes in space 
form a threefold system, it fol- 
lows that space as a plenum of 
circles is sixfold. 

Again, if we take a circle as 
our element, we may regard it as 
a section either of a sphere or of a 
right cone given (except in posi- 
tion) by a plane perpendicular to 
the axis. In the former case the 
position of the centre is three- 
fold ; the directions of the plane, 
like that of a pencil of lines per- 
pendicular thereto, twofold ; and 
the radius of the sphere onefold ; 
sixfold in all. In the latter case, 
the position of the vertex is three- 
fold ; the direction of the axis 
twofold ; and the distance of the 
plane of section onefold : sixfold 
in all, as before. Hence space as 
a plenum of circles if sixfold. 

Similarly, if we take a conic as 
our element we regard it as a 
section of a right cone given (ex- 
cept in position) by a plane. If 
the nature of the conic be defined, 
the plane of section will be in- 
clined at a fixed angle to the axis, 
otherwise it will be free to take 
any inclination whatever. This 
being so, the position or the ver- 
tex will be threefold, the direction 
of the axis twofold, the distance 
of the plane of section from the 
vertex onefold, and the direction 
of that plane onefold if the conic 
be defined, twofold if it be not 
defined. Hence, space as a plenum 
of definite conies will be seven- 
fold, as a plenum of conies in 
general eightfold, and so for 
curves of higher degrees. 
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Thii is, in fact, the whole stoiy 
and mytteiy of manifold space. 
It is not teriootly regarded aa a 
realitj in the lame sense as ordi- 
nary space ; it is a mode of repre- 
sentation, or a method which, 
having servedits pnrpose, yuiishes 
from the scene. Lise a ndnbow, 
if we try to grasp it, it eludes onr 
reiy touch ; out, like a rainbow, 
it arises out of real conditions of 
known and tangible quantities, 
and if riffhtly apprehended it is a 
true and valuaDle expression of 
natural laws, and serves a de- 
finite purpose in the science of 
which it tbrms part. 

Again, if we seek a counter- 
part of this in common life, I 
might remind you that perspec- 
tive in drawing is itself a metnod 
not altogether dissimilar to that 
of which I have been speaking ; 
and that the third dimension of 
space, as represented in a picture, 
has its origin in the painter's 
mind^ and is due to his skill, but 
has no real existence upon the 
canvas which is the groundwork 
of his art. Or again, turning to 
literature, when in legendary tales, 
or in works of fiction, things past 
and future are pictured as present, 
has not the poetic fancy corre- 
lated time with the three dimen- 
sions of space, and brought all 
alike to a common focus P Or, 
once more, when space already 
filled with material substances is 
mentally peopled with immaterial 
beings, may not the imagination 
be regarded as having added a 
new element to the capacity of 
space^ a fourth dimension of which 
there is no evidence in experi- 
mental fact P 

The third method proposed 



ha« been termed non-Euclidean 
geometry ; and the train of rea- 
soninff wluch has led to it may be 
descru>ed in general terms as fol- 
lows : — Some of the properties of 
space which on aooonnt of their 
simplicity, theoretical ai well as 
practical, have, in constmeting the 
ordinary syston of geometry, been 
conaiderea as fundamental, are now 
seen to be particular cases of more 
general properties. ^ Thus a plane 
sur&ce and a straigrht line may 
be regarded as special instances 
of sunaces and lines whose curva- 
ture is everywhere uniform or 
constant. Ajiditis perhaps not 
difficult to see that, when the 
special notions of flatness and 
straightness are abandoned, many 
properties of geometrical figures, 
which we are in the habit of re- 
garding as fundamental, will un- 
dergo profound modification. Thus 
a plane may be considered as a 
special case of the sphere — viz., 
the limit to which a sphere ap- 
proaches when its radius is in- 
creased without limit. But even 
this consideration trenches upon 
an elementary proposition relating 
to one of the simplest of geomet- 
rical figures. In plane triangles 
the interior angles are together 
ec^ual to two right angles ; but in 
tnangles traced on the surface of 
a sphere this proposition does not 
hold good. To this other instances 
might be added. 

Further, these modifications 
may afiect not only our ideas of 
particular geometrical figures, but 
the very axioms of the science 
itself. Thus, the idea, which in 
fact lies at the foundation of 
Euclid's method — viz., that a geo- 
metrical figure may be moved in 



for special remark is that which | space without change of size or 
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alteration of form, entirely falls 
away, or becomes only approxi- 
mate in a space wherein dim^sion 
and form are dependent upon 
position. For instance, if we 
consider merely the case of figures 
traced on a flattened globe like 
the earth's surface, or upon an 
eggshell, such figures cannot be 
inade to slide upon the surface 
without change of form, as is the 
case with figures traced upon a 
plane or even upon a sphere. But, 
further still, these generalizations 
are not restricted to the case of 
figures traced upon a surface ; they 
may apply also to solid figures 
in a space whose very configura- 
tion varies from point to point. 
We may, for instance, imagine a 



in which, subject to the usual laws 
of perspective, every object ap- 
pears in the same form and of the 
same dimensions, whatever be its 
position. In like manner the 
picture formed by reflection from 
a curved mirror may be regarded 
as the representation of a space 
wherein dimension and form are 
dependent upon position. Thus 
in an ordinary convex mirror ob- 
jects appear smaller as they recede 
laterally from the centre of the 
picture ; straight lines become 
curved; objects infinitely distant 
in front of the mirror appear at 
a distance only equal to the focal 
length behind. And by suitable 
modifications in the curvature of 
the mirror representations could 



space in which our rule or scale of I similarly be obtained of space 
measurement varies as itextends,or of various configurations. 



as it moves about, in one direction 
or another ; a space, in fact, whose 
geometric density is not uniformly 
distributed. Thus we might pic- 
ture to ourselves such a space as 
a field having a more or less com- 
plicated distribution of tempera- 
ture, and our scale as a rod 
instantaneously susceptible of ex- 
pansion or contraction under the 
influence of heat ; or we might 
suppose space to be even crystal- 
line in its geometric formation, 
and our scale and measuring in- 
struments to accept the structure 
of the locality in which they are 
applied. These ideas are doubt- 
less difficult of apprehension — at 
all events at the outset; but 
Helmholtz has pointed out a very 
familiar phenomenon which may 
be regarded as a diagram of such 
a kind of space. The picture 
formed by reflection from a plane 
mirror may be taken as a correct 
representation of ordinary space, 



The diversity in kind of these 
spaces is of course infinite ; they 
vary with the mode in which we 
generalize our conceptions of or- 
dinarj^ space, but upon each as a 
basis it is possible to construct a 
consistent system of geometry, 
whose laws, as a matter of strict 
reasoning, have a validity and 
truth not inferior to those with 
which we are habitually familiar. 
Such systems having been actually 
constructed, the question has not 
unnaturally been asked, whether 
there is anything in nature or in 
the outer world to which they 
correspond ; whether admitting 
that lor our limited experience 
ordinary geometry amply sufiices, 
we may understand that for 
powers more extensive in range 
or more minute in definition some 
more general scheme would be 
requisite P Thus, for example, 
altnough the one may serve for 
the souir system^ is it le^Vim&tA 
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to Bnppose that it may fail to 
apply at distances reaching to the 
fixed stars, or to regions beyond ? 
Or again, if onr vision conld 
diflcern the minute configurations 
of portions of space, which to 
onr ordinary powers appear 
infinitesimally small, snonld 
we expect to find that all our 
usual geometry is but a special 
case, sufficient indeed for dailr 
use, but after all only a rough 
approximation to a truer, al- 
though perhaps more compli- 
cated scheme P Traces of these 
questions are, in fact, to be found 
in the writings of some of our 
greatest and most original ma- 
thematicians. Gauss, Biemann, 
and Helmholtz have thrown out 
suggestions radiating as it were 
from a common centre ; while 
Cayley, Sylvester, and Clifford, in 
tiiis countrv, Klein, in Germany, 
Lobatcheffsky, in Kussia, Bolyai, 
in Hungry, and Beltrami, in 
Italy, with many others, have 
reilected kindred ideas with all 
the modifications due to the chro- 
matic dispersion of their indi- 
vidual minds. Bat to the main 
qaestion the answer must be in 
tne negative. And, to use the 
words of Newton, since "Geome- 
try has its foundation in mechan- 
ical practice,** the same must be 
the answer until our experience is 
different from what it now is. 
And yet, all this notwithstanding, 
generalized conceptions of space 
are not without their practical 
utility. The principle of repre- 
senting space of one kind by that 
of another, and figures belonging 
to one by their analogues in the 
other, is not only recognized as 
Je^Himate in pure matnematics, 
but has long ago found its appli- 



cation in cartography. In maps 
or charts, geographical positions, 
the contour of coasti^ and otiier 
features belonging in reality to 
the earth's surmce, are repre- 
sented on the flat ; and to eacli 
mode of representation, or pro- 
jection, as it is called, there cor- 
responds a special correlation be- 
tween the spheroid and the plane. 
To this might perhaps be addled the 
method of descriptive geometiy, 
and all similar processes in use 
bj engineers, both military and 
civil. 

It has often been asked whether 
modem research in the field of 
pure mathematics has not so 
completely outstripped its physi- 
cal applications as to be practi- 
cally useless ; whether the analyst 
and the geometer might not now, 
and. for a long time to come, 
fairly say, ** hie artem remumque 
repono,*' and tnm his attention 
to mechanics and to physics. 
That the pure has outstripped 
the applied is largely true; but 
that the former is on that ac- 
count useless is far from true. Its 
utility often crops up at unexpected 
points ; witness the aids to clas- 
sification of physical quantities, 
famished by ideas (of Scaler and 
Vector) involved in the calculus 
of quaternions; or the advantages 
which have accrued to physical 
astronomy from Lagrange's equa- 
tions and from Hamilton's princi- 
ple of varyinff action ; or the 
valae of complex quantities, and 
the properties of general inte^rs, 
and of general theorems on inte- 
gration for the theories of electri- 
city and magnetism. The utility 
of such researches can in no sense 
be discounted or even imagined 
beforehand. Who, for ins^ince. 
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would have supposed that the 
calculus of forms or the theory of 
substitutions would have tiirown 
lauch. light upon ordinary equa- 
tions, or that Abelian functions 
and hyperelliptic transcendents 
would have told us anything about 
the properties of curves, or that 
the calculus of operations would 
have helped us in any way towards 
the figure of the earth P But upon 
such technical points I must not 
now dwell. If, however, as I hope, 
it has sufficiently shown that any 
of these more extended ideas en- 
able us to combine together, and 
to deal with as one, properties and 
processes which from the ordinary 
point of view present marked dis- 
tinctions, then they will have 
justified their own existence \ and 
in using them we shall not have 
been walking in a vain shadow 
nor disquieting our brains in 
vain. 

These extensions of mathemati- 
cal ideas would, however, be over- 
whelming if they were not com- 
pensated by some simplification 
in the process actually employed. 
Of these aids to calculation I will 
mention only two — ^viz., symmetry 
of form and mechanicalappliances, 
or say, mathematics as a fine art, 
and mathematics as a handicraft. 
And first as to symmetry of form. 
There are many passages of alge- 
bra in which long processes of cal- 
culation at the outset seem un- 
avoidable. Eesults are often ob- 
tained in the first instance through 
a tangled maze of formulas, where 
at best we can just make sure of 
our process step by step, with- 
out any general survey of the path 
which we have traversed, and still 
less of that which we have to pur- 
sue. But almost within our own 



generation a new method has 
been devised to clear this entangle- 
ment. More correctly speaking, 
the method is not new, for it is 
inherent in the processes of 
algebra itself, and instances of it, 
unnoticed, perhaps, or disregarded, 
are to be found cropping up 
throughout nearly tdl mathema- 
tical treatises. By Lagrange, and 
to some extent also by Gauss, 
among the old^r writers, the 
method of which I am speaking 
was recognized as a principle ; 
but besides these, perhaps no 
others can be named until a period 
within our own recollection. The 
method consists in symmetry of 
expression. In algebraical for- 
mulsB combinations of the quan- 
tities entering therein occur and 
recur; and by a suitable choice 
of these quantities the various 
combinations may be rendered 
symmetrical, and reduced to a 
few well-known types. This hav 
ing been done, and one such com- 
bination having been calculated, 
the remainder, together with 
many of their resxdts, can often 
be written down at once, without 
further calculations, by simple 
permutations of the letters. Sym- 
metrical expressions, moreover, 
save as much time and trouble in 
reading as in writing. Instead of 
wading laboriously through a 
series of expressions which al- 
though successively dependent, 
bear no outward resemblance to 
one another, we may read ofP 
symmetrical formute of almost 
any length at a glance. A page 
of such K>rmul8a becomes a picture : 
known forms are seen in definite 
groupings ; their relative positions 
or perspective, as it may be called, 
their very light and sliadow, con- 
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vey their roeanio^ almost as much 
through the artistic flBUsnltj as 
through any consdons ratiocina- 
tive process. Few principles have 
been more suggestive of extended 
ideas or of new views and rela- 
tions than that of which I am 
now speaking. In order to pass 
from questions concerning plane 
figures to those which appertain 
to space, from conditions naving 
few degrees of freedom to others 
which have many — in a word, 
from more restricted to less re- 
stricted problems, we have in many 
cases merely to add lines and 
columns to our array of letters or 
symbols already formed, and then 
read off pictonally the extended 
theorems. 

Next as to mechanical appli- 
ances. Mr. Babbage, when speak- 
ing of the difficulty of insuring 
accuracy in the long numerical 
calculations of theoretical astro- 
nomy, remarked that the science 
wliicn in itself is the most accu- 
rate and certain of all had, through 
these difficulties, become inaccu- 
rate and uncertain in some of its 
-esults. And it was doubtless 
some such consideration as this, 
coupled with his dislike of em- 
ploTing skilled labour where un- 
skilled would suffice, which led 
him to the invention of his calcu- 
lating machines. The idea of sub- 
stituting mechanical for intellec- 
tual power has not lain dormant ; 
for besides the arithmetical ma- 
chines whose name is legion 
(from Napier's bones. Earl Stan- 
hope's calculator, to Schultz and 
Thomas's machines now in ac- 
tual use) an invention has lately 
been designed for even a more 
di&cnlt task. Professor James 
27tomson has, in fact, recently 



constructed a machine which, by 
means of the mere friction of a 
disk, a cylinder, and a ball, is 
capable of effiocting a vaiietr of 
the complicated calculations which 
occur in the highest application 
of mathematics to physical pro- 
blems.i* By its aid it seems that 
an unskilled labourer may, in a 
given time, perform the work of 10 
skilled aritnmetici&ns. The ma- 
chine is applicable alike to the 
calculation of tidal, of magnetic, 
of meteorological, and perhaps 
also of all other periodic pheno- 
mena. It will solve differential 
equations of the second and per- 
haps of even higher orders. And 
through the same invention the 
problem of finding the free mo- 
tions of any num TOr of mutually 
attracting particles, unrestricted 
by any of the approximate sup- 
positions required in the treat- 
ment of the lunar and planetary 
theories, is reduced to the simple 
process of turning a handle. 

When Faraday had completed 
the experimental part of a phy- 
sical problem, and desired that it 
should thenceforward be treated 
mathematically, he used irre- 
verently to say, " Hand it over to 
the calculators ." But truth is ever 
stranger than fiction ; and if he 
had lived until our day he might 
with perfect propriety have said, 
" Hand it over to the machine." 

Had time permitted, the fore- 
going topics would have led me to 
point out that the mathematician, 
although concerned only with ab- 
stractions, uses many of the same 
methods of research as are em- 
ployed in other sciences, and in 
the arts, such as observation, ex- 



" " Royal Society's Proceedings, 



>• 



Fe- 



THE BRITISH ASSOCIATION. 



201 



peziment, induction, imagination. 
But this is the less necessary 
because the subject has been al- 
ready handled very ably, although 
with greater brevity than migbt 
have been wished, by Professor 
Sylvester in his address to Section 
A at our meeting at Exeter. In 
an exhaustive ^eatment of my 
subject there would still remain a 
question which in one sense lies at 
tne bottom of all others, and which 
through all time has had an at- 
traction for reflective minds — viz., 
what was the origin of mathe- 
matical ideas? Are they to be 
regarded as independent of, or de- 
pendent upon, experience? The 
question has been answered some- 
times in one way and sometimes 
in another. But the absence of 
any satisfactory conclusion may 
after all be understood as implying 
that no answer is possible m the 
sense in which the question is put, 
or rather that there is no question 
at all in the matter, except as to 
the history of actual facts. And 
even if we distinguish, as we cer- 
tainly shoidd, between the origin 
of ideas in the individual and their 
origin in a nation or mankind, we 
should still come to the same con- 
clusion. If we take the case of 
the individual, all we can do is to 
give an account of our own expe- 
rience ; how we played with mar- 
bles and apples ; now we learnt the 
multiplication table, fractions, and 
proportion ; how we were after- 
wards amused to find that com- 
mon things conformed to the 
rules of number; and later still 
how we came to see that the 
same laws applied to music and 
to mechanism ; to astronomy, to 
chemistry, and to many other 
subjects. And then, on trying 



to analyze our own mental pro- 
cesses, we find that mathematical 
ideas have been imbibed in pre- 
cisely the same way as all other 
ideai-viz.,by learning, by eg>e. 
rience, and by reflection. The 
apparent difference in the mode of 
first apprehending them and in 
their ultimate cogency arises from 
the differences of the ideas them- 
selves, from the preponderance of 
quantitative over qualitative con- 
siderations in matnematics, from 
the notions of absolute equality 
and identity which they imply. 

If we turn to the other question 
— ^How did the world at large 
acquire and improve its idea of 
number and of figures? How 
can we span the interval between 
the savage who counted only by 
the help of outward objects, to 
whom 15 was "half the hands 
and both the feet," and Newton 
or Laplace? — the answer is the 
history of mathematics and its 
successive developments — arith- 
metic, geometry, algebra, Ac The 
first and greatest step in all this 
was the transition from number 
in the concrete to number in the 
abstract. This was the beginning 
not only of mathematics but of 
all abstract thought. The reason 
and mode of it was the same as in 
the individual There was the 
same general influx of evidence, 
the same unsought for experi- 
mental proof, the same recognition 
of general laws running through 
all manner of purposes and rela- 
tions of life. No wonder then if, 
under such circumstances, ma- 
thematics, like some other sub- 
jects, and perhaps with better 
excuse, came after a time to be 
clothed with mysticism ; nor that, 
even in modern times, they should 
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have been placed upon an d 
priori basis, as in tbe pbilosophy 
of Kant. Number was soon found 
to be a principle common to so 
many branches of knowledge that 
it was readily assnmed to be the 
key to all. It gave distinctness 
of expression, if not clearness of 
thon^ht^ to ideas which were 
floatiDg in the nntntored mind, 
and even suggested to it new 
conceptions. In "the one,** ''the 
all,*' " the many in one,** terms of 
purely arithmetical origin, it gave 
the earliest utterances to men's 
first crude notions about God and 
the world. In " the equal," " the 
solid." " the straight,*^ and " the 
crooked," which still survive as 
figures of speech among ourselves, 
it supplied a vocabulary for the 
moral notions of mankind, and 
quickened them by ^ving them 
tne power of expression. In this 
lies the great and induring in- 
terest in the fragments which 
remain to us of the Pythagorean 
philosophy. 

The consecative processes of 
mathematics led to the consecu- 
tive processes of logic ; but it was 
not until long after mankind had 
attained to abstract ideas that 
they attained to any clear notion 
of their connexion with one an- 
other. In process of time the 
leading ideas of mathematics be- 
came the leading ideas of logic. 
The "one" and the "many" 
passed into the " whole " and its 
"parts;" and thence into the 
** universal " and the " particular." 
The fallacies of logic, such as the 
well-known puzzle of Achilles and 
the tortoise, partake of the nature 
of both sciences. And perhaps 
the conception of the infinite and 
mBniteaunsbif as weU as of nega- 



tion, may have been in early 
times transferred from logic to 
mathemaiaos. But the oonnezion 
of our ideas of number is probably 
anterior to the connexion of any of 
our other ideas. And, as a matter 
of fact, g^metiy and arithmetic 
had already made oonsiderable 
progress when Aristotle invented 
the syllogism. 

(General ideas there were, beside 
thoseof mathematics — ^tme flashes 
of genius which saw iihat there 
muft be general laws to which the 
universe conforms, but which saw 
them only by occasional glimpses 
and through the distortion of im- 
perfect knowledge ; and although 
the only records of them now re- 
maining are the inade<^uate re- 
presen&tions of later vnriters, yet 
we must still remember that to 
the existence of such ideas is due 
not only the conception, but eveni 
the possibility of pnysical science, 
i But these general ideas were too 
I wide in their grasp, and in early 
: days at least were connected to I 
their subjects of application by| 
links too snadowy to be thoronghly 
apprehended by most minds ; am' 
so it came to pass that one fori 
of such an idea was taken as il_ 
only form, one application of it a? 
the idea itself; and philosophy, 
unable to maintain itself at thA 
level of ideas, fell back upon the 
abstractions of sense, and by 
preference, upon those which were 
most ready to hand — namely, those 
of mathematics. Plato's ideas 
relapsed into a doctrine of num-^ 
bors; mathematics into mysticism, 
into neo-Platonism, and the like 
And so, through many long 
ages, through ^>od report anc 
evil report, mathematics have si 
^ways held an unsought-for swa^ 
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It haa happened to this science, as I iicians we may feel satislaction 
to maar other sabjecta, that its ' that these feata (the possibility 
warmest adherents hare not al- of which was olear d prion) 
waya been its best friends. M.Br- have been actaally accomplished, 
thematicahaveoilenbeenbroaght I yet we mnst bear in mind that 
into matters where their preseaoe , their application is reallj confined 
has been of donbtfiil utilitj. If to cases where the snbject-matter 
tluy hare given precision to lite- is perfeotir nniform in charactet, 
rtuy stjle, that precision has and that bejond this range thej 
sometimes been carried to excess,! are liable to encomberrather than 
aa in Spinoza and perhaps Des- to assist thonght. 

'* " ■ .-...■ -jj^j unconnected with this in- 

timate association of ideas and 
their expression is the faot that, 
whichever maj have been cans?, 
whicherer effect, or whether both 
may not in turn have acted as 
oaose and efiect, the culminating 
age of classic art was contem- 
poraneona with the first great 
development of mathematical 
science. In an earlier part of 
this discourse I have alloded to 



cartes ; if thej have tended to 
clearness of expression in philoso- 
pJiy.thatvery clearness has some- 
times given an appearance of 
finality not always tmei if they 
have contributed to definition in 
Uieology, that definiteness has 
often, been fictitioas, and has been 
attained at the cost of spiritnal 
meaning. And, coming to recent 
times, ^though we may admire 

the ingennity diaplayod in tie 

logical machines of Earl Stan- 1 the importance of mathematical 

hope and of Stanley Jevons,^ in precision recognized in the tech- 

the " Formal Logic, ' of De Mor- ; niqae -of art daring the Cinque- 

gan, and in the "Calculus" of 'cento; and I have now time only 

Boole ;^ although as mathema- | to add that on looking still further 

back it woold seem that acnlpture 

»FOTei«npiB.inHerbflrfs"P^obo-|jm^ painting, architecture and 

» A epaitoen will ba tonnd io the music, nay, even poetry itself, re- 

"Moraiia." otOregorytiiBGreat,ijb.L. oeived a new, if not their first, 

l^^Y- '^°^°^ true impulse at the period when 

•' Quid In Beptenftiio noinero, nisi geometric form appeared fresh 

EiSS^'^o^™u»f S'/mp^S chiselled by the hand of the ma- 

nniuaro Uoeuniia, qnu aObnmt, qu6d thematician, and when the first 

iddroa perftctoH sit, quia eipnmo pan ideas of harmony and proportion 

SSTiSrr'S'-'l'S'.'S »>g jojoulv togethe, " ■ 

pOtMt; cerCluiTDi fir' ---u -«^.- ^. — *.j» «*■ «-* yw 

parfMtiona ponen m 

noMHATto qoippa niUmuu m auuM'u>ix..u< 

•argitnr. nam eapnsarine snis in bo *• ApproumatsdaMBB.U oruniipDin, 

puttbui moltiplloittu, ad dnod*Darilli» PainW™, and Poats.— Steeichonia, 600 ; 

tndltDT. Sir* «ilm qoatooc per tria, Pindar, sa—ni; ^achjliis, 500—450; 

thre per ooMnor Cria duRUtlor, aeptem i> SophoolaB, is5— 4«> ; Bonpides, tBo-tw. 

dDudsdm vsrtuiKiir. . . . J«msnpori4a F--^--— ■•" i^— if-i.. ,,._.«.. 



m MtqnAdinqnlnqiiagauuiOnnme- .Zenxia, 400; Apallai. 3sq; bcopba^so. 

rfcqBt»«ptBmhBbdomadil)ii»»omonftao ifatliBinaticiaiiB.— Thaloa, 6ooj fjOm- 
■SllUimplMiu, reqnleadtalgnatBti do- igoras, jooj AnaiagorM, jcxi— 450; Hip- 
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have here innsted be in any way 
novel, or whether they be merely 
such as from habit or from incli- 
nation are nsusklly kept out of 
sight, matters little. Bat which- 
ever be the case, they may BtUl 
furnish a solvent of that rigid 
aversion which both literature 
and art are too often inclined 
to maintain towards science of 
1^ kinds. It is a very old 
story that to know one another 
better, to dwell npon similarities 
rather than upon diversities, are 
the first stages towards a better 
understanding between two par- 
ties; but in few cases has it a 
truer application than in that here 
discussed. To recognize the com- 
mon growth of scientific and other 
instincts until the time of harvest 
is not only conducive to a rich 
crop, but it is also a matter of 
prudence, lest in trying to root up 
weeds from among the wheat, we 
shoald at the same time root up 
that which is valuable as wheat. 
When Pascal's father had shut 
the door of his son's study to 
mathematics, and closeted him 
with Latin and Greek, he found 
on his return that the walls were 
teeming with f ormulse and figures, 
the more congenial products of 
the boy's mind. Fortunately for 
the boy, and fortunately also for 
science, the mathematics were not 
torn up, but were suffered to grow 
together with other subjects. 
And, all said and done, the lad 
was not the worse scholar or man 
of letters in the end. But, truth 
to tell, considering the severance 
which still subsists in education, 
and during our early years be- 
tween literature and science, we 
can hardly wonder if when thrown 
together in the afterwork of \iie 



they should meet as stran^^erB, or 
if tne severe garb, the conoiu imi- 
plementa, and the strange wares 
of the latter should seem little 
attractive when contrasted with 
the light companionahip of the 
former. The day is yet young, 
and in the early dawn many 
thinffs look weird and fiuitastic 
which in fuller light prove to be 
familiar and useful. The out- 
comings of science, which at one 
time have been deemed to be but 
stumbling-blocks scattered in the 
way, may ultimately prove step- 
ping-stones which have been care- 
fully laid to form a pathway over 
difficult places for the childiren of 
** sweetness and light" 

The instances on which we have 
dwelt are only a few out of many 
in which mathematics may oe 
found ruling and governing a 
variety of stuyjects. It is as the 
supreme result of all experience, 
the framework in which all the 
varied manifestations of nature 
have been set, that our science 
has laid claim to be the arbiter of 
all knowledge. She does not, in- 
deed, contribute elements of fact, 
which must be sought elsewhere ; 
but she sifts and regulates them ; 
she proclaims the laws to which 
they must conform if those ele- 
ments are to issue in precise re- 
sults. From the data of a pro- 
blem she can infallibly extract all 
possible consequences, whether 
they be those first sought, or 
others not anticipated ; but she 
can introduce nothing which was 
not latent in the original state- 
ment. Mathematics cannot tell 
us whether there be or not limits 
to time or space ; but to her they 
are both of indefinite extent^ and 
t\n.^ in a sense which neither 
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affirms nor denies that they are 
either infiDite or finite. Mathema- 
tics cannot tell ns whether matter 
be continnons or discrete in its 
stmctare ; bnt to her it is indif- 
ferent whether it be one or the 
other, and her conclusions are in- 
dependent of either particular 
hypothesis. ^ Mathematics can 
tell us nothing of the origin of 
matter^ of its creation or its an- 
nihilation ; she deals only with it 
in a state of existence ; but within 
that state its modes of existence 
may vary from our most elemen- 
tary conception to our most com- 
plex experience. Mathematics 
can tell us nothing beyond the 
problems which she specifically 
undertakes ; she will carry them 
to their limit, but there she stops, 
and upon the great region beyond 
she is imperturbablj^ silent. 

Conterminous with space and 
coeval with time is the Kingdom 
of mathematics ; within this 
range her dominion is supreme ; 
otherwise than according to her 
order nothing can exist; in con- 
tradiction to her laws nothing 
takes place. On her mysterious 
scroll is to be found written for 
those who can read it that which 
has been, that which is, and that 
which is to come. Everything 
material which is the subject of 
knowledge has number, order, 
or position; and these are 
her first outlines for a sketch 
of the universe. If our more 
feeble hands cannot follow out 
the details, still her part has been 
drawn with an unerring pen, and 
her work cannot be gainsaid. 
So wide is the range of mathe- 
matical science, so indefinitely 
may it extend beyond our actual 
powers of manipulation, that at 



• 

some moments we are inclined 
to fall down with even more than 
reverence before her majestic pre* 
sence. But so strict^ limited 
are her promises and powers, 
about so much that we might 
wish to know does she offer no 
information whatever, that at 
other moments we are fain to 
call her results but a vain thing, 
and to reject them as a stone 
when we had asked for bread, n 
one aspect of the subject en- 
courages our hopes, so does the 
other tend to chasten our desires ; 
and he is perhaps the wisest, and 
in the long run the happiest 
among his fellows, who has learnt 
not only this science, but also the 
larger lesson which it indirectly 
teaches — namely, to temper our 
aspirations to that which is pos- 
sible, to moderate our desires to 
that which is attainable, to re- 
strict our hopes to that of which 
accomplishment, if not imme- 
diately practicable, is at least 
distinctly within the range of 
conception. That which is at 
present beyond our ken may, at 
some period and in some manner 
as yet unknown to us, fall within 
our grasp ; but our science 
teaches us, while ever yearning 
with Goethe, for "Light, more 
light," to concentrate our atten- 
tion upon that of which our 
powers are capable, and con- 
tentedly to leave for future ex- 
perience the solution of problems 
to which we can at present say 
neither yea or nay. 

It is within the region thus 
indicated that knowledge in the 
true sense of the word is to be 
sought. Other modes of inflaence 
there are in society and in in- 
dividual life, other forms of 
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energy besidefl that of intellect. 
There is the potential energy of 
sympathy, the actnal energy of 
work ; there are the vicissitndes 
of life, the diversity of circum- 
stances, health, and disease, and 
all the perplexing issues, whether 
for good or for evil, oi impulse 
and of passion. But althougn the 
Book of Life cannot at present 
be read by the li^ht of science 
alone, nor the wayfarers be satis- 
fied by the few loaves of know- 
ledge now in our hands, yet it 
would be difficult to overstate the 
almost miraculous increase which 
may be produced by a liberal dis- 
tribution of what we already have, 
and by a restriction of our crav- 
ings within the limits of possi- 
bility. 

In proportion as method is 
better than impulse, deliberate 
purpose than erratic action, tiie 
clear glow of sunshine than irre- 
gular reflection, and definite utter- 
ances than an uncertain sound ; 
in proportion as knowledge is 
better than surmise, proof than 
opinion, in that proportion will 
tne mathematician value a dis- 



crimination between the certain 
and the uncertain, and a just 
estimate of the issues which de- 
pend upon one motive power or 
the other. While on the one hand 
he accords to his ndghbours f uU 
liberty to regard the unknown in 
whatever way they are led by the 
noblest powers that they possess, 
so on the other he claims an 
equal right to draw a clear line of 
demarcation between that which 
is a matter of knowledge and tiiat 
which is, at all events, something 
else, and to treat the one category 
as fairly claiming our assent, the 
other as open to further evidence. 
And yet, when he sees around hhn 
those whose aspirations are so 
fair, whose impulses so strong, 
whose receptive faculties so sen- 
sitive, as to give objective reality 
to what is often but a reflex from 
themselves, or a projected ima^e 
of their own experience, he will 
be willing to admit that there are 
influences which he cannot as yet 
either fathom or measure, but 
whose operation he must recog- 
nise among the facts of our ex- 
istence. 
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Quartz, the action of upon polarised 
light, 79 

Race, an expiring, 3 

— the human, 1-16 

Races, native, of North America, 4 
Railroad, the narrowest gauge, 154 
Rainbows, certain phenomena accom- 
panying, 73 
Respiration at high altitudes, 121 
Retina, persistence of images on 

the, 78 
Revulsive, a new, 117 
Rockets, illuminating, 156 
Rosewood, imitation, 145 

Shoemakers, science amongst, 8 

Siberia, the extinction of tne mam- 
moth in, 23 

Skin of man, the effect of vamishiug, 
112 

Sleep, the theory of, 116 

Soda in plants, 36 

Solar spectrum, the, 76 

Sound, 81-92 

Spectroscope, a new direct vision, 
78 

Springs, spiral, of gold alloy, 104 

Stars, scintillation of, 159 

— shooting, 159 

Steam, the decomposition of, 99 
Stimulant, a marvellous, 35 
Stings of bees, 17 
Strawberries and constipation, 118 
Sugar in the nectar of nowers, 36 
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Sun engraving, 151 

— spots, 159 

Sun s rays, cooking by, 75 
Sweat, secretion o^ 119 
Sweden, the range of temperature in, 
72 

Tasmania, the natives of, 5 
Telegraph cramp, 114 
Telegraphy, aluminium in, 98 

— improvements in, 95 
Telephone, 84 

— a signalling apparatus for the, 85 

— in warfare, 15/ 

— Professor Bell on the, 82 

— some physical considerations con- 
nected with, 83 

Terrestrial magnetism, earth currents 

due to, 94 
Tliirst, physiology of, 119 
Thunderstones, superstitions about, 

169 
Timekeepers, 104 
Tin, a mountain of, 135 
Tires, water-heated, 153 



Travellers' tales and geographical 

notes, 41-59 
Trees, the influence of on moisture, 

88 

Vibrations, necessai^, 81 
Victoria, mineral statistics of, 135 
Vine disease, 35 
Vision, light and, 77-80 
Vole, habits of the field, 21 

War, the machinery of, 156-158 
Water, aerated, lead in, 111 
Waterpipes, how to clean, 106 
Water-power, wasted, 136 
Well, a deep Artesian, 131 
Wells, tube, for large supplies, 180 
White race, origin and superiority of 

the, 16 
Wind power, 138 
Window-shutters, paper, 105 
Womankind, beautiful types of, 7 
Wounds, a new mode of dressing, 113 

Yarn, a novelty in, 145 
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about 90 humorous Illustrations. 

11. Little Fanny's Nursery Picture Book. Super-royal i6mo. 

With Coloured Illustrations. 



The Ohildren's Picture AnnuaL The Story of a United Family, 

with their Travels and Adventures at Home and Abroad. By MBsas SuH- 
SHiNB. \\^th numerous Illustrations. Imperial z6mo, cloth gilt, as. 

Published by Ward, Lock, and Co. 



10 Books of High Tom. 



BOOKS AT TWO SHXLUHQiS-^imtinued. 



l\ 



%\it IPtlQ Series. 

Handsomely bound in new and elegant binding, cloth gi]i^|)!It edges, si. 

Thb design of this Series is to indude no books except vadk as are peculiarly 
adapted by their high tone, pure taste, and thorough principle lo be read by those 
persons, young and old, who look upon books as xxgaa their fiAvds— only worthy 
to be receivMi mto the Family Circle for their good qualities and eacellentcharatcters. 
So many Tolumes now issue nxm the press low in tone and lax Ib morality that it 
is espeoallv inctmibent on all who would avoid the taint of such hurtful matter to 
select carenilly the books they would themselves read^ or introduce to their house- 
h^ds. In view of this design, no author whose name is not a guarantee of the real 
worth and puritv cf his or her work, or whose book has not beM subjected to a rigid 
examination, wiU be admitted into ''^Thb Lily Sbribs." 

1. A Summer In Leille Ooldthwalte's Life. By the Author of 

*' Faith Gartney's Girlhood," ** The Gaywoithys," ftc. 

2. The Gayworthys t A Story of Threads and Thrums. By Ditto. 

3. Fftith Gartney's Girlhood. By Ditto. 

4. The Gates Ajar ; or, Our Loved Ones in Heaven. By Euza- 

BBTH StUAKT PhBLPS. 

5. Little Women. By the Author of " Good Wives," &c 

6. Good WlTes. By the Author of '* Little Women," && 
Alone. By Marion Harland, Author of "The Hidden Path." 
I've Been Thinking. By the Author of " Looking Round," &c. 

9. Ida May. By Mary Langdon. 

10. The Lamplighter. By Miss Gumming. 

1 1. Stepping Heavenward. By the Author of " Aunt Jane's Hero." 

12. Gypsy Breynton. By the Author of "The Gates Ajar." 

13. Aunt Jane's Hero. By the Author of " Stepping Heavenward." 

14. The Wide, Wide World. By Miss Wethkrell. 

15. Queeohy. By the Author of ** The Wide, Wide World." 

16. Looking Round. By the Author of " I've Been Thinking.** 

17. Fabrics : A Story of To-Daj. 

15. Our Village : Tales. By Miss Mitford. 

19. The Winter Plre. By Rose Porter. 

20. The Flower of the Family. By Mrs. E. Prentiss. 

21. Mercy Gllddon's Work. By the Author of " The Gates Ajar." 

22. Patience Strong's Outings. By Mrs. Whitney. 

23. Something to Do. By the Author of <' Little Women," &c. 

24. (Gertrude's Trial. ByMARY Jefferis. 

25. The Hidden Path. By the Author of "Alone." 

26. Unde Tom's Oabln. By Mrs. Harriet Beecher Stowe. 

27. Fireside and Oamp Stories. By Author of *< Little Women," ftc 

28. The Shady Side. By a Pastor's Wife. 

29. The Sxinny Side. By H. Trusta. 

Published by Ward^ Lock^ and Co. 



SEVEN PRIZE MEDALS A WARDED. 



GOODALL'8 WORLD -RENOWNED 

HOUSEHOLD SPECIALITIES. 

GOODALL'S BAKING POWDER, 

The Best in the World. \d. Packets ; 6^/., i^^., 2j.,an.d 5J. Tins. 

GOODALL'S YORKSHIRE RELISH, 

The most Delicious Sauce in the World. Bottles, 6^/., li"., and 
2s, each. 



GOODALL'S QUININE WINE, 

The Best Tonic yet introduced. Bottles, i^., i^. i>^^/., 2^., and 
zs, yi. each. 



GOODALL'S CUSTARD POWDER, 

For making delicious Custards without eggs in less time and at 
half the price. Boxes, 6d. and \s. 

Sold by Grocers, ChemistSy Oilmen, &c. 



1>REVARY,D \w 



aOODALL, BAOKEOTi^"^, ^ ^'^.^V^'^^^v, 



12 Boots for Young Men and Young Women. 

BOOKS AT TWO SH\\.UHQA-amliH$ud. 



Wnt ifriettblQ Cotnuiel 



Ckowa Sto, doth gilt; u. ; thoM ourked thus (*) cxtn doth gilt, bcrelkd be«id% 

gilt edges, t. 6d, 

*i. Timothy Titoomb's Z«ettert addressed to Toung People^ 

Single and Married. 

*2, Beeoher's (Henry Ward) Leotnres to Young Men. 
*3. Getting On in the World ; or. Hints on Success in Life. By 
WitxiAM Mathews, LL.D. Fint Series. 

*4. Cobbett's Advioe to Young Men, and inoidentallj to Young 

Women. 

5. Christians in OounoiL Author of " Stepping Heayenward.'' 

6. How to Make a laving. By Georgb Gary £gglsston. 

7. The Art of Prolonging Life. Translated from the celebrated 

work by Hufbland. 

*%, Foster's Deoision of Charaoter, and other Essays. With Life 

of the Author. 

^9. Getting On in th« World. Second Series. By William 

Mathsws, LL.D. 
*lo. How to Excel in Business ; or, The Clerk's Instructor. By 

Jambs Mason; 

*ii. Todd's Student's Manual. 



Fcap. 8yo, doth gilt, gilt edges, a«. 

I. The Autobiography of a £b Note. By Mrs. J. B. Webb. 
3. Zenon, the Boman Martyr. By the Rev. R. Cobbold, Author 

of *• Margaret Catchpole." 

3. The Pilgrims of New England. By Mrs. J. B. Webb. 

4. Mary Ann Wellington. By the Author of "Margaret Catchpole." 

5. The History of the Falrohlld Family. By Mrs. Sherwood. 

6. Sceptres and Orowns. By Author of " The Wide, Wide World." 

7. Nidworth, and his Three Magic Wands. By E. Prentiss, 

Author of ** Stepping Heavenward." 

8. Freston Tower. A Tale of the Times of Cardinal Wolscy. By 

the Rev. R. Cobbold, Author of '* Margaret Catchpole." 

9. The Mysterious Marriage ; or, Sir Edward Graham. By 

Cathbrinb Sinclair. (Sequel to ** Holiday House.") 

10. Jane Bouverie, and How She became an Old Maid. By Ditto. 

11. Modem Flirtations ; or, A Month at Harrowgate. By Ditto. 

12. The Star and the Cloud. By A. S. Roe. 

13. Nellie of Truro. A Tale from Life. 

14. The Nun. By Mrs. Sherwood. 

Published by Ward, Lock, and Co. 



Stirring Stories and High-class Fiction. 13 

BOOKS AT TWO ^YWXAAW^^— continued. 



Induding Julbs Vbrnb's Staxtling Stories, with Coloured Plates, cloth gilt, ax. 

1. A Journey into the Interior of the Earth. By Jules Vernk. 

2. The English at the North Pole. By Jules Verne. 

3. The loe Desert. By Jules Verne. 

4. Five Weeks in a Balloon. By Jules Verne. 

5. The Mysterious Document. By Jules Verne. 

6. On the Track. By Jules Verne. 

7. Among the Cannibals. By Jules Verne. 

8. Twenty Thousand Leagues Under the Sea. By Jules Verne. 

PartL 

9. Part II. 

10. Two Years Before the Mast By R. H. Dana. 

1 1. From the Earth to the Moon. By Jules Verne. 

12. Bound the Moon. By Jules Verne. 

13. History of Sandford and Merton. By Thomas Day. 

14. Baron Munchausen (The Life, Travels, and Extraordinary 

Adventures oQ. By the Last of his Family. 



OF Fiction, Travel, Essay, Biography, &c. 

BY STANDARD LIVING A UTHORS, COPYRIGHT EDITIONS, 

Crown 8vo, cloth gilt, u. 

1. The Mad Willoughbys, and other Tales. By Mrs. Lynn 

Linton, Author of " Patricia Kemball," &c. 

2. False Beasts and True. By Francis Power Cobbb. 

3. The Blossoming of an Aloe. By Mrs. Cashel Hoey, Author 

of ** Out of Court," &c 

4. .Country House Essays. By John Latouche, Author of 

" Travels in Portugal," &c. 

5. No Sign, and other Tales. By Mrs. Cashel Hoby, Author of 

"The Blossoming of an Aloe." 

6. Qraoe Tolmar; By John Dangerfield. 



Published by Ward^ Lock^ and Co. 



14 Ward and LocKs Useful Series. 

BCOK8 AT ONE-ANDSIXPENOE. 

The LUy Series. Sixty-six Books. In new cloth gilt binding, plain 
edges. For List tee Books at ax. 

The Rose Library. Fourteen Books. In cloth gilt binding, pkdn 

edges. For List see Books at or. 

The Qood Aim Series. Twenty-five Books. In cloth gilt, bevelled 

boards, gilt edges. For List see Books at xs. 

Beeton's Englishwoman's Cookery Book. 255th Thousand. By 

Mrs. Isabella Bbbton. Beine a collection of Economical Recipes, taken from ■ 
her " Household Management. The Best Shilling Cookery. New Edition. 
Illustrated by a large number of appropriate and useful Engravings. With 4 
Coloured Plates, post 8vo, half bound, cloth, ix. td. 

Beeton's Gardening Book. Containing full and Practical Instruc- 
tions concerning Garden Operations, the Fruit, Flower, and Kitchen Garden, 
Pests of the Month, and a Monthly Calendar of work to be done in the Garden. 
With 4 Coloured Plates. Post 8vo, half bound, cloth, xs. 6d. 

The Christian Year. Thoughts in Verse for the Sundays and HoIt 
Days throughout the Year. By John Keblb. Small fcap. 8vo, doth, giu 
back suid sides, red burnished edges, if. td. 

Now Rbady, New Volumb, Edited by the Author of " Buy your Own Cherries.** 

Kirton's Standard Temperance Reciter. An entirely New 

Volume of Readings and Recitations, for Band of Hope MeetiSfes, Good 
Templar Gatherings, and General Reading. Containing many Ori^nal Pieces 
by the Editor, J. w. Kirton, Author of ** Buy your Own Cherries. •• Fcap. 
8vo, cloth gilt, xs. 6d, 

AlsOf shortly will be fubUshed, uniform with the abcvt, 

Kirton's Standard Band of Hope Reciter. 



BOOKS AT ONE SHILLING. 



L 



Beeton*s Pictorial Speller. The Cheapest Illustrated Spelling Book 

published. ig6 pp. 430 Illustrations. Crown 8vo, cloth plain, is. 

Webster's Pocket Pronouncing Dictionary of the English Lan- 
guage. Condensed from the Original by Noah Webster. With accentuated 
Vocabularies of Classical, Scriptural, and Modem Geographical Names. Re- 
vised by Wm. G. Webster, son of Noah Webster. Royal x6mo, cloth, if. 

Webster's Shilling Bookkeeping, in Single and Double Entry. 

Post 8vo, cloth plain, xs. 

The Language of Flowers. With numerous Engravings, and a 
Coloured Frontispiece. Fcap. 8vo, cloth gilt, if. 

The Poetry of Flowers. An entirely New Selection of appropriate 

Poems, carefully edited. With Coloured Frontispiece and many Illustrations. 
Fcap. 8vo, cloth gUt, xs. 

The Christian Year. Thoughts in Verse for the Sundays and Holy 
Days throughout the Year. By John Keblb. Small fcap. Bvo, cloth gilt, 
plain edges, u. 

The Children's Picture Annual : The Story of a United Family, with 

their Travels and Adventures at Home and Abroad. By Mercib Sunshine. 
With numerous Illustrations. Imperial z6mo» picture bcArds, zx. 

• Publishid by Ward^ Lock, and Co. 



Story Books for tlie Young, 15 

BOOKS AT ONE ZWXLUHQi'-continued, 



Pott 8vo, doth gilt, If. 

1. The Original Poems for Children. By the Taylor Family, 

M. £. B., and others. 

2. The Basket of Flowers ; or, Piety and Truth Triumphant 

3. Ellen's IdoL By the Author of " Tiny," and "Trotty*s Book," 
5. Sermons on the Wall. By John Tillotson. 

(li Goldy and Goldy's Friends. By Mary Denssl. 
7. The One Thing Needful ; or, Ethel's Pearls. 
& I Don't Enow How. By the Author of "The Gates Ajar." 
9. Sayings and Doings of Children. By the Rev. J. B. Smith. 
la Tiny. By Elizabeth Stuart Phelps. 

11. Tiny's Sunday Night. By Elizabeth Stuart Phelps. 

12. The Orphan Boy ; or, From Peasant to Prince. 

13. Tom,Tom, the Printer's Son: A Boy's Story. Related by Himself. 

14. Only a Dandelion. By the Author of ** Stepping Heavenward." 

15. Follow Me. By the Author of ** Stepping Heavenward." 

16. New Year's Bargain. 

17. In the Beginning ; or. From Eden to Canaan. 

18. Conquerors and Captives ; or. From David to DanieL 

19. The Star of Promise ; or. From Bethlehem to Calvary. 

2a History of the Robins. By Mrs. Trimmer. Coloured Front. 

21. Hymns for Infant Minds. By Ann and Jane Taylor. 

22. Rhymes for the Nursery. By the same. 

23. Little Susy's Six Birthdays. By Mrs. E. Prent'SS. 

24. LitUe Susy's Little Servants. By the same. 

25. LitUe Susy's Six Teachers. By the same. 

The Hans Andersen Story Books for the Young :^ 

Fcap. 8vo, cloth gilt, xf . 



I. ThsChristmasTksb. 
ft Thb Garden op Pa- 

RAOISB. 

3. Thk Willow Trek. 

4. Thb Silbnt Book. 



5. The Litti^ Mer- 

maid. 

6. ThbSilvsr Shilling. 

7. The Snow Queen. 

8. The Ice Maiden. 



9. Little Ida's 

Flowers. 
xo. Little Tuk. 
XX. What the Moon 

Saw. 



Child's First Book of Natural History. Illustrated. Crown 8vo, 
doth, x«. 

Saiy Steps for Little Learners. Many Illustrations. Crown 8vo, 
doUi, \s% 

Published by Ward^ Lock, and Co* 
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To Studtnti, Teachers^ d: all seeking Se^-SduecUiont Knowledge^ db Improremeni, 
CoxFLiTB IV FovB VoLViciB, •iTODgly bound, half roan, price 42s. 

THE PEOPLFS TWO-OUIHEA CTCLOPiEDIA, 

SSSTOy'S BICTIONABT OF UNITESSAL INFORMATION, 

VO&UMB Z. 

Beeton's Dictionary of UniTersal Information— Orography, History, 
and Biography, A to H. Containing 936 pases, about I5,00v> distinct articles 
alphabetically arranged, 56 separate Tinted rlates m Views and Portraits, and 7 large 
Colonrcd Map5~\-iz., Africa, North America South America, Asia, Aostralia, China, 
and Eorope. 

** This is a biographical, historical, and Rcogntphioal Diotionair combined, well illu- 
Irati'd, and corrected up to the present hour; the articles are Aili, trustworthy, and ft* 

marLable for condensation Many thousand headings not to l»e found in previous 

INctionaries have b?on inserted, many errors corrected, aud statistics collated wi: ti ths 
latent information. \Ve know of no otner book of reference more valuable or trustworthy 
on the iul\}ect it treats.— ^/anianf. 

VO&UMB ZZ. 

Beeton's Dictionary of Universal Information— Oeography, History^ 
and Biography, I to Z. Containing 860 pages, about 16j00O distinct articles, 
alphabeticuTly arranged, 63 separate Tinted Plates of Views and PortrdtsL and 5 arge i 
Coloured Maps— viz.. Franco, German Empire, India, Italy, and Turkish Empire. 

" A marvel of condensation, containing in oomparativelysmall compass a penfectmine 
of information under the throe great heads of Geography, History, and Biography. The 
D<«pB are admirable."— £Mi« Mercury. 

" We know of no liook which in such small oomposs gives so much information. The 
Baps ore eicellcnt, and the whole book is got up in good and dear »tj\o."'~Scot$mam. 

Volumes T. and II. give compact and Authentic Information respecting the Physical 
and Political Geopmiphy, Situation, Popuhition, Commerce, and Productions, and the 
principal Public Vutldingt of every Conntrv and important or interesting Town in the 
world, and the leading Historioal JBvents with which they have been connected : concise 
Biographies of Eminent Personages flrom the most remote times to the present ; Egyptian, 
Grt>ek, Roman, Oriental, and bcandinavian Mythology, and Pronunciation of Name?. 
Enlarged, Corrected, and Revised br Gbobob B. Embbson. 

*0* Volumes I. aud II. can be had separately firom the Volamcs relating iA) Science, 
Ac, price 21s. 

VO&UMB ZZZ. 

Beeton's Dictionary of Universal Information -Science, Art, and 
Iiiterature, A to G-. Containing 1000 pages and 2000 columns, with 68 separate 
Tinted Plate?, and several Hundred Engravings in the text. In this volume will be 
found carefully drawn and elaborately engraved representations of Machines and other 
subjects. 

"The plates ore good and clear, and we are pretty certain that no book with nearly a-j 
much miscellaneous aud valuable information can be procured in this country at the price." 
'—Olataow Herald, 

" ft is a very handy and useful work, contauiing a great amount of valuable informa« 
mation "—Scotsman, 

VO&UMB ZV. 

Beeton's Dictionary of Universal Information— Science, Art, and 
Iiiterature, H to Z. Containing 1044 pages, 20d8 columns, with 63 separate 
Tinted Plates, and several Hundred Engravings in the text. In this volume will be 
found carefully drawn aud elaborately engraved representations of Machines and other 
auUects. 
** The quantity of information contahicd in this work is enormous, and the qualK >-, 

jud^ng firom a careful inspection, is of the first class. The illustrations arc numerous aii'd 

usciul. *— DaiZtf News. 

"A marvel of condensed information upon scientific subjects of all kinds and sorts." 

'^Standard, 

Volumes III. and IV. comprise a complete summary of the Moral, Mathematical. 

Physical, and Natural Sciences; a plain description of the Arts ; an interesting Synopsis of 

Literary Knowledge, with the JPronunciation and Etymology of every leading term. 

%* Voiomes III. and IV. can be had separately from the Volumes relating to Gco- 

graphy, Ao,, price 21s. ,^ ^ ^^ ^ ^«« ,^ ^^ ^^: 

B r j» #*- London: WAB3),l»OOK,&. CO., ^ -- >^ 

Warwick House» Dorset B-vuldinRs, Ba'iiaVjxxrj ^qjOL^ac^, lE.a» 
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